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ORTHODOXY AND SCIENTIFIC PROGRESS 


I. BERNARD COHEN 


Assistant Professor of the History of Science and G2neral Educatioa, 
Harvard University; Managing Editor of Jsis 


(Read April 24, 1952, in the Symposium on Somz Unortholoxizs of Modern Science) 


Tue words “orthodox” and “unorthodox” usu- 
ally enter discussions of the history of science at 
points of conflict between new scientific ideas and 
old established theological dogmas. These words 
have a wider significance, however, and may per- 
haps be applied to considerations of the develop- 
ment of science itself, at moments when new 
scientific ideas come into conflict with established 
scientific dogmas. In this paper, opening a sym- 
posium on “Some Unorthodoxies of Modern Sci- 
ence,’ we may properly examine into the sense 
in which “orthodoxy” is a fitting word to be used 
in discussing the development of science. 

Benjamin Franklin once described his misgiv- 
ings about the currently accepted corpuscular the- 
ory of light as “whispers against the orthodox 
doctrine,” noting that “one heretic will surely 
excuse another.” * In a similar vein, one of 
Franklin’s Philadelphia co-experimenters—Ebe- 
nezer Kinnersley—wrote him: “But, as this [my] 
opinion seems to deviate from electrical orthodoxy, 
I should be glad to see these phenomena better 
accounted for by your superior and more pene- 
trating genius.” * Franklin’s answer indicated 
that the traditional electrical theories might be 
applied to Kinnersley’s problem, and concluded : 





But this you jokingly call “electrical orthodoxy.” 
It is so with some at present, but not with all; and 
perhaps, it may not always be orthodoxy with any 
body. Opinions are continually varying, where we 
cannot have mathematical evidence of the nature of 
things; and they must vary. Nor is that variation 
without its use, since it occasions a more thorough 
discussion, whereby error is often dissipated, true 


knowledge is increased, and its principles become bet- . 


ter understood and more firmly established.® 


1 Benjamin Franklin to Cadwallader Colden, 23 April 
1752, Benjamin Franklin’s experiments, edited by I. B. 
Cohen, 327, Cambridge, Harvard Univ. Press, 1941. 

2 Ebenezer Kinnersley to Benjamin Franklin, 12 March 
1761, ibid., 350. 

3 Benjamin Franklin to Ebenezer Kinnersley, 20 Feb- 


ruary 1762, ibid., 368. 


Franklin’s statement to Kinnersley represents 
the traditional view of science cherished by sci- 
entists, stressing the continual process of change 
that occurs in areas where the facts of experiment 
and observation are correlated or explained by the 
application, to these data, of logic and the imagina- 
tion. Franklin used the word “orthodoxy” only 
jokingly, probably because it seemed antithetical 
to the spirit of science and free inquiry. We must 
take this antithesis into account as we examine 
into whether there is any acceptable sense in 
which this word may be applied to a pursuit in 
which the value of ideas is determined by putting 
them to the test of nature rather than the test of 
comparison with accepted dogmas. Franklin’s 
statement to Kinnersley may seem to imply that the 
progress of science can be viewed as a series of 
changing “‘orthodoxies.” Yet, we are then faced 
with a paradox, since a canon of “orthodoxy” 
would seem to imply a certain measure of hostility 
to major innovations, and we are all familiar with 
the sentiment that scientists thrive on the replace- 
ment of their old and cherished theories or beliefs 
by new ones. 

I have known intimately a number of creative 
scientists and I have studied the behavior of a 
great ‘many more as revealed by the record of 
history. I have never encountered one of any 
importance whatever who would welcome with joy 
and satisfaction the publication of a new theory, 
explanation, or conceptual scheme that would 
completely replace and render superfluous his own 
creation. He may be pleased at a revision that 
makes his own work more useful, or more widely 
applicable ; and even the news of a new experiment 
or observation that cannot be explained may be 
greeted warmly, since it constitutes a test or chal- 
lenge which the scientist hopes—or may be sure— 
his theory can meet. But any suggestion that 
scientists so dearly love truth that they have not 
the slightest hesitation in jettisoning their beliefs 
is a mean perversion of the facts. It is a form of 
scientific idolatry, supposing that scientists are 
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entirely free from the passions that direct men’s 
actions, and we should have little patience with it. 

Actually, of course, scientists do give up cher- 
ished beliefs—whether of their own creation or of 
others—when the evidence is overwhelming. But 
before doing so, they are apt to attempt all sorts 
of intellectual devices or dodges in an attempt to 
save the accepted doctrine. Modern science has 
been characterized by a constant succession of 
often rapid and dramatic changes and in most 
branches of science a textbook has a short life 
without revision. We are tempted, therefore, to 
think of the creative activity of a scientist as con- 
sisting in large measure of a rejection of what 
he has been taught, whereas the scientist actually 
tries—often in vain—to fit each new discovery or 
set of discoveries into the traditional theories be- 
fore he abandons them. 

The mind—even of scieritists—clings to con- 
ceptions or preconceptions as long as it is hu- 
manly possible. Very often, therefore, when sci- 
entists have no alternative save to accept a new 
doctrine, they attempt to show that it was neither 
so new nor so radical as had been generally sup- 
posed. Thus Planck wrote, 


It only takes a little reflection to realize the fact that 
the much misunderstood relativity theory by no means 
gets rid of the absolute but, on the contrary, that it 
has brought out the absolute into sharper definition, 
inasmuch as it points out how, and how far, physical 
science is based on the existence of an absolute in 
the outer world.* In this way the most radical theory 
of the 20th century could be considered as providing 
an argument in favor of the traditional concepts of 
absolute space and time which it had actually ren- 
dered untenable. 


Planck’s behavior represents the “inertia of 
the mind” which historians encounter whenever 
they search out the genesis, dissemination, ac- 
ceptance, and ultimate rejection or revision of 
scientific ideas. Just as “inertia” in mechanics 
characterizes the resistance of a physical object 
to a change in its state of motion or of rest, so 
the inertia of the mind may characterize the gen- 


* Planck, Max, Where is science going? (trans. by 
James Murphy), 197, London, George Allen & Unwin 
Ltd., 1933. In a later work, Planck wrote of the ap- 
parent contradiction between his “avowed interest” in 
the theory of relativity and his conviction that “the search 
for the absolute” was “the noblest and most worthwhile 
task of science.” He explained, however, that “every- 
thing that is relative presupposes the existence of some- 
thing that is absolute, and is meaningful only when 
juxtaposed to something absolute.” Cf. reference 5, infra, 


46. 
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eral resistance to a change in fundamental con- 
cepts or ideas or theories. This resistance to 
change is often most pronounced when the new 
concepts, ideas, or theories are most revolutionary, 
by which I mean that they are not only. markedly 
different from those currently accepted, but that 
they affect a considerable area of scientific knowl- 
edge in a most fundamental way. 

Traditionalism, or inertia of the mind, may be 
seen in the attempts of scientists to preserve old 
patterns of thought, even in cases where their own 
research has made them obsolete. Planck tells 
us of his efforts “to weld the elementary quantum 
of action h somehow into the framework of clas- 
sical theory” and of his failure. This failure 
“heralded the advent of something entirely unpre- 
cedented, and was destined to remodel basically 
the physical outlook and thinking of man which, 
ever since Leibniz and Newton laid the ground- 
work for infinitesimal calculus, were founded on 
the assumption that all causal interactions are con- 
tinuous.” Since this revolutionary conclusion 
seems to have been repugnant to Planck, he con- 
tinued his “futile attempts to fit the elementary 
quantum of action . . . into the classical theory .. . 
for a number of years, and they cost me a great 
deal of effort. Many of my colleagues saw in 
this something bordering on a tragedy.” ® 

We do not really know very much about the 
psychology of scientific invention, nor, for that 
matter, about the actual process of creation in any 
field. We do not fully understand why, or under 
what conditions, a few hardy individuals are from 
time to time led to think in wholly new directions, 
but the fact is that they do. Fortunately for 
progress, there are always a few others who are 
willing to change their accepted patterns of thought 
and give the new conceptions a hearing. There 
are always some scientists who will make an at- 
tempt to find proofs of the usefulness or validity 
of new theories or ideas, and so begin the process 
of a change in the state of scientific knowledge. 

New ideas are rarely creations unrelated to 
the general background of ideas." For this rea- 


5 Planck, Max, Scientific autobiography and other 
papers (trans. by Frank Gaynor), 44-45, N. Y., Philo- 
sophical Library, 1949. 

6 Cf. Boring, Edwin G., The problem of originality in 
science, Amer. Jour. of Psychol. 39: 70-90, 1927; an 
interesting anthology has been assembled by Brewster 
Ghiselin under the title, The creative process, Berkeley 
& Los Angeles, Univ. of California Press, 1952. 

7 Freud, certainly one of the most original thinkers of 
the recent past, took pride in pointing out the origins 
of his ideas. He was once confronted with a statement 
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son, the historian of science is led to investigate 
what Glanville called in the seventeenth century 
the “climate of opinion.” * What “most men be- 
lieve,” “what most scientists believe,” 
may vary considerably from one period to another. 
Today, astrology is considered unworthy of be- 
lief by scientists because its methods do not ac- 
cord with the canons of scientific procedure and 
because its results do not stand the test of veri- 
fication. Yet from the time of Ptolemy who wrote 
the Tetrabiblos as well as the Syntaxis |or Alma- 


or even 


by Havelock Ellis that Dr. J. J. Garth Wilkinson had 
“practised and recommended free association as a tech- 
nique . and thus has a claim to be regarded as a 
forerunner of psycho-analysis.” Freud denied any pos- 
sible influence of Garth Wilkinson on “the choice of 
psycho-analytic technique.” But he drew attention to 
an essay by Ludwig Borne, which had recently been 
shown to him, and which had “an important bearing on 

. . the prehistory of the psycho-analytic use of free as- 
sociations.” For Freud remembered that Boérne’s works 
had been given to him fifty years earlier, when he was a 
lad of 14, and that Borne had been “the first author 
into whose writings he had penetrated deeply.” While 
he did not remember the essay in question, he did re- 
member others in the volume, which was—interestingly 
enough—the only book that had survived from his boy- 
hood. On rereading the essay, Freud “was particularly 
astonished to find expressed some opinions which 
he himself had always cherished and vindicated.” He 
concluded with the remark, “Thus it seems not impossible 
that this hint may have brought to light the fragment 
of cryptomnesia which in so many cases may be suspected 
to lie behind apparent originality.” From an essay en- 
titled Zur Vorgeschichte der analytischen Technik, first 
published in 1920, reprinted in English translation in 
Freud, Sigmund, Collected papers (ed. by J. Strachey) 
5: 101-104, London, Hogarth Press and Instit:te of 
Psycho-Analysis, 1950. 

8 An important and somewhat extreme statement was 
made by Rutherford in the conclusion of a paper on 
“Forty years of physics” (Needham, Joseph, and Pagel, 
Walter, editors, Background to modern science: ten 
lectures at Cambridge arranged by the History of Science 
Committee, 73-74, Cambridge, at the University Press, 
1938) as follows: “I have tried to give you a general 
idea of the way in which we started to investigate these 
matters forty years ago, and of the way in which the 
ideas have developed stage by stage. I have also tried 
to show you that it is not in the nature of things for any 
one man to make a sudden violent discovery; science goes 


step by step, and every man depends on the work of his ° 


predecessors. When you hear of a sudden unexpected 
discovery—a bolt from the blue as it were—you can 
always be sure that it has grown up by the influence 
of one man on another, and it is this mutual influence 
which makes the enormous possibility of scientific ad- 
vance. Scientists are not dependent on the ideas of a 
single man, but on the combined wisdom of thousands 
of men, all thinking of the same problem, and each doing 
his little bit to add to the great structure of knowledge 
which is gradually being erected.” 
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gest |—the bible of astrology as well as the bible of 
astronomy—to the time of Tycho Brahe’ (a firm 
believer), astrology was scientifically respectable. 
Even Galileo and Kepler—despite any protesta- 
tions about their respective insincerity—cast horo- 
scopes. Yet there was a time earlier than Ptolemy 
when astrology had not been universally con- 
sidered respectable. Strabo wrote: 


In Babylonia a settlement is set apart for the local 
philosophers, the Chaldaeans, as they are called, who 
are concerned mostly with astronomy, but some of 
these, who are not approved of by the others, profess 
to be astrologers [genethlialogists—those who cast 
nativities ].° 


The earliest astronomy, as Neugebauer has 
shown, was calendarial and free of astrology,’® 
and thus we should not repeat the historical myth 
that astrology, whatever we may think of it today, 
was at one time the mother of astronomy. The 
history of the reputation of astrology is curious 
in that today, while universally condemned by 
scientists, astrology has a wider popular following 
than ever before; most of the major newspapers in 
the United States publish a daily astrological col- 
umn and every news-stand I have seen in the last 
ten or fifteen years has prominently featured 
several astrological magazines. 

We may note a curious historical phenomenon 
with regard to “scientific respectability” in our 
attitude toward ancient and mediaeval atomists and 
alchemists. Practically every book on science, 
or even the history of science, hails the atomists 
(such as Democritus or Lucretius) as precursors 
of our present science, even though modern physics 
demonstrates that their notions were primitive 
and unlike our own. But the alchemists, whose 
notions have been shown by modern chemistry 
and physics to be in some degree “correct,” are 
not characterized as_ respectable precursors.” 
Here we probably exhibit an inherited prejudice 
® Loeb Library ed., Book XVI, 7: 201. 

10 Neugebauer, O., The history of ancient astronomy, 
problems and methods, Jour. of Near Eastern Studies 4: 
1-38, 1945; a revised and somewhat expanded version 
was published in Pub. Astron. Soc. of the Pacific 58: 
17-43, 104-142, 1946. 

11 For instance, Charles A. Browne wrote an essay 
on “Error in chemistry” (The story of human error, ed. 
by Joseph Jastrow, N. Y., D. Appleton-Century Company, 
1936) in which he praised the ancient atomists extrava- 
gantly (“Had the atomic theory of Democritus met with 
immediate acceptance, uie rise of modern chemistry 
might have been advanced two thousand years”) and 
castigated the alchemists . a pseudoscience 
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. . the fatuity of alchemy. . 
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of the nineteenth century and our views of ancient 
atomism and alchemy are reflections of the state 
of nineteenth-century science which held that 
atoms are the fundamental indivisible parts of 
matter and that chemical elements are fixed and 
can under no circumstances be “transmuted” into 
other chemical elements. 

An illustrative anecdote about scientific progress 
is told about Professor Joseph Lovering, who 
held the Hollis Professorship of Mathematics and 
Natural Philosophy at Harvard for fifty years in 
the nineteenth century, when progress in science 
was great. When he lectured on the disappear- 
ance of the old corpuscular theory of light and 
the emergence of the wave theory, he would say: 
There are two disparate theories of light, gentle- 
men, the wave theory and the corpuscular ; today, 
one hears only about the wave theory, because all 
those who believed in the corpuscular theory are 
now dead. Amusing as Lovering’s remarks may 
sound to the modern ear, they contain the germ of 
a very important truth, and the record of the 
nineteenth century shows that Lovering was prob- 
ably correct, to the extent that the old corpuscular 
theory vanished completely only when the last 
adherent to it died. 

A similar sentiment was expressed in one of the 
last articles written by Max Planck, which must 
have struck many a scientific reader as curious 
since the opposition to Planck’s quantum theory 
by the scientists of the world was not notable and 
was nothing in comparison to Planck’s own objec- 
tions to the logical extensions of his own theory.” 
I do not know anyone of importance who today 
doubts the results of the Michelson-Morley ex- 
periment (with its null result in attempting to de- 
tect an “aether-drift”), but the reason is that a few 
years ago, the last objector died: a distinguished 
American physicist who had devoted his last years 
to an apparently vain attempt to disprove the 
results of that experiment.'* Clearly, even in the 
case of an experiment on which depends one of the 
most important contributions to science of our cen- 
tury, universal acceptance must await the death 
of those whom the evidence cannot convince. 

The kind of behavior to which reference has 
just been made can, I believe, be legimitately de- 
scribed by the use of the word “orthodox.” It 
comes from two Greek words ép%és, straight or 





12 Planck was referring explicitly to the controversy 
between Boltzmann and Ostwald, not to his own theory; 
cf. ref. 5, supra, 33-34. 

13 Cf. Miller, D. C., Rev. Modern Physics 5: 203 ff., 
1933. 
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right, and d0fa, opinion. The “correct opinion” in 
science may actually be no more than “what most 
of the influential scientists believe,” and a discus- 
sion of this question involves group psychology, 
which I leave to Dr. Boring in the concluding 
paper of this symposium. But in this sense, 
astrology was scientifically orthodox until the late 
sixteenth or early seventeenth century, while it is 
so no longer.’ 

In studying the types of effect that orthodoxy 
exerts on scientific progress, one that leaps to the 
mind is in the failure of scientists to recognize an 
important discovery. Examples usually present 
a great genius unappreciated, and perhaps even 
restrained, by lesser contemporaries : Gulliver tied 
down by a horde of Lilliputians. Let me, there- 
fore, show orthodoxy working on one of the great- 
est minds science has produced, Galileo. For 
almost 2,000 years prior to his time, astronomy 
had held almost universally to a curious conceit 
endorsed by Plato: that the apparent motions of 
the heavenly bodies must be accounted for by 
circular motion or a combination of circular mo- 
tions. Everyone knows of the ingenious systems 
of epicycles and eccentric circles which were de- 
veloped and which were used even by Copernicus 
in his presentation of the heliocentric system. 
The first important departure from this orthodoxy 
was made by Johannes Kepler and he abandoned 
the system of circles only because he could not 
get accurate agreement with Tycho’s observations. 
Having to choose between two alternatives—either 
the circular dogma must be jettisoned or Tycho 
was a poor observer—he chose the former. The 
ellipse, he found, not only agreed remarkably well 
with observations of the planets, but it led him to 
a wholly unsuspected relation: the law of areas." 
Did Galileo hail this great and revolutionary dis- 
covery which made the heliocentric system more 
exact? Not atall! He continued to use epicycles 
and, enmeshed in the orthodoxy that had continued 
for two millennia, he put circle on circle in a vain 
attempt to make theory agree with observation. 
Although a warm friend and admirer of Kepler, 
he never once referred to these heretical discover- 
ies in his published works or private correspond- 
ence. And not until the publication of Newton’s 





14 Tn this paper I am concerned only with “orthodoxies” 
within science, although there is another orthodoxy (from 
outside) which may be imposed upon scientists by reli- 
gious pressure or the state (as in Nazi physics or Soviet 
genetics). 

15 Cf, Dreyer, J. L. E., History of the planetary sys- 
tems, 393, Cambridge, at the Univ. Press, 1906. 
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Principia were the ellipses fully admitted into 
astronomy. The doctrine of circles was a dogma, 
and the adherence to it seems perfectly described 
under the expression ‘“‘orthodoxy.” 

A second kind of effect of orthodoxy on scien- 
tific progress arises when a new theory or con- 
ceptual scheme is very successful and becomes— 
for its creator and his followers—as orthodox as 
that which it replaced. The modern atomic theory 
was the creation of Dalton in so far as Dalton was 
the first person to conceive of atoms of different 
chemical elements as differentiated by physical 
properties to which numbers could be assigned. 
But the numbers—standing for relative atomic 
mass—could not be determined in any unique way, 
save by a body of hypothesis which was unrelated 
to experiment and can only be described as dogma, 
such as that the lowest ratio of combining weights 
gave binary compounds, of which an example is 
HO for the water molecule. Others accepted the 
basic theory of Dalton without this additional 
dogma and concluded that the water molecule 
has the formula H.O. 
bers and molecular 





Since atomic-weight num- 
formulas are inseparably 
linked, a great confusion arose and important 
organic compounds had literally dozens of molecu- 
lar formulas assigned to them by different chem- 
ists. The confusion was resolved by the hypo- 
thesis of Avogadro, based on the experimental 
law of Gay-Lussac, which led inter alia to the 
formula H.2O for water. Dalton and his followers, 
however, rejected the work of Gay-Lussac, while 
Dalton himself, enmeshed in the orthodoxy of his 
own creation, went to the grave believing that 
water is HO."® 

Orthodoxy also acts in a way that makes a new 
scientific idea often as difficult for a scientist to 
discover as for other scientists to accept. My 
previous two examples relate to orthodoxy pre- 
venting the acceptance of new ideas; the next con- 
cerns the process of discovery. When, at the end 
of the nineteenth century, J. J. Thomson found 
that cathode rays are particles whose mass seemed 
independent of the kind of glass used in construct- 
ing the discharge tube, the metal of which the elec- 
trodes were made, and the gas inside the tube, he 
was finally convinced—as he tells us—that there 
“was no escape” from the conclusion that the 
cathode-ray particles [electrons] are contained 
within all atoms and are “knocked out of the atom 





16 The most recent review of this problem is Nash, 
Leonard K., The atomic-molecular theory, Cambridge, 
Harvard Univ. Press, 1950. 
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by electrical means, by high temperatures or by 
Rontgen rays.’”’ Thomson tells us that at first 
very few scientists found themselves able to be- 
lieve in “bodies smaller than atoms,” which was 
not surprising since atoms had been supposed for 
2,500 years to be the ultimate indivisible particles 
of matter, as the very word [&rouos, indivisible | 
implies. 

Thomson was later told by one who had heard 
his 1897 lecture on cathode rays and sub-atomic 
particles, that the audience had thought Thomson 
was pulling their legs. This admission did not 
particularly astonish Thomson since he had had 
the very same block against originally arriving 
at his conclusion. “I had myself come to this 
explanation of my experiments with the greatest of 
reluctance and . only after I was convinced 
that . . . experiment left no escape from it.”** 
Eventually it proved easier to convince scientists 
at large that atoms are not the fundamental units 
of matter than it had been to convince J. J. 
Thomson. 

The foregoing examples seem to indicate that 
orthodoxy may tend to prevent an otherwise more 
rapid progress of science, but I do not believe 
this to be universally the case. While it may be 
so to a certain extent, we must also keep in mind 
that orthodoxy makes scientific progress more 
secure, and in fact may be one of the reasons that 
scientific progress is even possible. Orthodoxy 
presents a hurdle for every new scientific idea. 
This means that a scientific theory must have a 
considerable background of experimental data be- 
fore it can be given any serious consideration. It 
must, above all, demonstrate by important results 
that it is superior to the orthodox conceptions. 
As a result, orthodoxy imposes a process of 
selection, so that the number of new ideas that 
have to be considered by practicing scientists is 
considerably reduced. Had scientists no ortho- 
doxy, and if they welcomed with avidity every pos- 
sible idea that any one might have, the scientific 
enterprise would be characterized by chaos rather 
than positive achievement and progress. 

The creative life is all too short to be wasted 
in considering every imaginable novelty merely 
because it is novel. Scientists have, therefore, 
wisely restricted themselves to paths that have 


seemed to promise fruitfulness. For example, 


even before there was any proof by mathematicians 


17 Thomson’s account of the discovery of the electron, 
and the reception given to the announcement of that dis- 
covery, may be found in his Recollections and reflections, 
332-341, London, G. Bell and Sons, 1936. 
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that it was impossible to square the circle, the 
French Academy of Sciences decided that it would 
no longer examine supposed proofs that were 
submitted to it of the squaring of the circle. 
They didn’t believe that the circle could be 
squared, although no proof of the impossibility of 
this construction was at hand; but economy in- 
sisted that the time of the mathematicians who 
belonged to the Academy could be better spent 
than in examining every pretended solution of this 
problem.'* The procedure was wisely 
adopted with regard to proposals for perpetual 
motion machines—long before the establishment of 
principles indicating that the construction of such 
machines would be inconsistent with physical 
science—and also attempts to duplicate the cube 
or trisect the angle.’® 


same 


In 1905, the year of publication of the restricted 
or special theory of relativity, Einstein published a 
dramatic paper on the photo-electric effect. The 
circumstances have been described in a most beau- 
tiful way by K. K. Darrow as follows: 


Where Planck in 1900 had said simply that bound 
electrons emit and absorb energy in fixed finite 
quantities, and shortly afterwards had softened his 
novel idea as far as possible by making it apply only 
to the act of emission, Einstein in 1905 rushed 
boldly in and presented the idea that these fixed 
finite quantities of radiant energy retain their identity 
throughout their wanderings through space from the 
moment of emission to the moment of absorption. 
This idea he “heuristic” one—the 
word, if I connotation exactly, is an 
apologetic sort of word, used to describe a theory 
which achieves successes though its author feels at 
heart that it really is too absurd to be presentable. 
The implication is, 


offered as a 


grasp its 


that the experimenters should 
proceed to verify the predictions based upon the idea, 
quite as if it were acceptable, while remembering al- 
ways that it is absurd. If the successes continue to 
mount up, the absurdity may be confidently expected 
to fade gradually out of the public mind. 
the destiny of this heuristic idea.?° 


Such was 


18 Kight years earlier, in 1767, J. H. Lambert had 
proved that * is irrational, but the impossibility of squar- 
ing the circle requires proof that 7 is transcendental-— 
and this proof was not provided until 1882, by F. Linde- 
mann. 

19 The Academy's decision was made in 1775. Cf. 
Mémotres de l Académie Royale des Sciences, “Histoire,” 
61-68, (Paris) 1775: “L’Académie a pris, cette année, 
la résolution de ne plus examiner aucune solution des 
problémes de la duplication du cube, de la trisection de 
langle ou de la quadrature du cercle, ni aucune machine 
annoncée comme un mouvement perpétuel.” 

20 Introduction to contemporary physics, 116-117, N. Y., 
D. Van Nostrand Company, 1926, 
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This situation presents a number of interesting 
aspects. The reason behind Einstein’s attitude 
lies in the implication of his theory that light has 
corpuscular aspects. The evidence accumulated 
in the nineteenth century had indicated that light 
(or electromagnetic radiation) is not a corpuscular 
but an undulatory phenomenon; and the radical 
construction put upon Planck’s concept by Ein- 
stein could not by itself account for the phenomena 
of interference on which the victory of the undu- 
latory theory had been based. The Einstein the- 
ory was not only unorthodox; it could not wholly 
replace the orthodox conception. Why, then, did 
physicists experiment to verify the predictions of 
an idea that was only “heuristic”? Would not 
the notions of economy rule out such investiga- 
tions? The answer lies in the fact that Einstein’s 
theory was able to explain the observed facts of 
photo-electric emission, while the older theory 
could not, and it linked together several of the most 
active and exciting fields of physical research: 
electron physics, quantum theory, properties of 
chemical elements (emission threshold), and ab- 
sorption of light. Hence, although grossly un- 
orthodox, Einstein’s idea presented an important 
challenge to physicists, and not until Millikan’s 
famous experiments on “stopping potentials” did 
experimental evidence provide adequate support. 
Millikan has discussed this situation in his auto- 
biography as follows : 


Why was this equation of Einstein’s thought so 
important? The answer is: Because it seemed to 
represent essentially a return to a corpuscular theory 
of light, for it treats Planck’s light-quant hy essen- 
tially as a bullet, or a bundle of electromagnetic 
energy which travels through space without spread- 
ing out at all as does a wave, and yet physicists had 
completely abandoned the corpuscular theory of light 
for the wave theory as early as 1800. For this 
reason the Einstein equation did not meet with easy 
acceptance, for it apparently ignored completely the 
success of the wave theory in accounting elegantly 
for all the multitudinous facts of the interference of 
light. 

To throw this all overboard without even attempt- 
ing to incorporate it into some new form of theory 
was clearly impossible .... Further, while the ex- 
perimental evidence for the wave theory was over- 
whelming, that in favor of a corpuscular theory was 
at that time (1905) almost nil, and what little ex- 
isted was exceedingly shaky. Confidence in such 


a corpuscular theory had nothing back of it of an 
experimental sort except Lenard’s observation in 1900 
that the energy with which electrons are ejected 
from a zine plate, when the light from a spark pass- 
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ing between zinc electrodes falls upon that plate, 
seemed to be independent of the intensity of the light 
as that intensity was varied by changing the distance 
of the spark from the zinc plate. In 1905 this ex- 
periment was all Einstein had to guide him 

Indeed, Planck, the originator of the quantum 
theory, in his lectures in Berlin, which I heard as a 
visitor in the spring and summer of 1912, very 
definitely rejected the notion that light travels through 
space in the form of bunches of localized energy. 
In his lectures, as well as in his book Wdarmestrahlung 
(Heat Radiation) published in 1912, he gave the most 
cogent of reasons for that rejection. I think it is 
correct to say that the Einstein view of light quanta, 
shooting through space in the form of localized 
light pulses, or as we now call them, photons, had 
practically no convinced adherents prior to about 
1915, by which time convincing experimental proof 
had been found. Nor in those earlier stages was 
even Einstein’s advocacy vigorous or definite. The 
compromise between waves and corpuscles had not 
yet been made in anybody’s mind, and until that 
compromise was made, so as to retain the over- 
whelmingly established facts of the wave theory, one 
could scarcely ignore these facts.?? 


This episode in the history of modern science 
indicates the complexity of our problem. The 
orthodox wave theory seemed satisfactory, with 
Planck’s revision, for all save a small area of 
growing importance which Einstein had studied. 
The failure of the wave theory to provide an ade- 
quate explanation of photo-electric emission did 
not imply a summary rejection. The nineteenth- 
century phrase—a beautiful theory killed by an 
ugly fact—is misleading. A commonly held no- 
tion is that Lavoisier overthrew the older phlogis- 
ton theory by showing that the oxide or “calx”’ of 
a metal weighs more than the metal, but this fact 
had actually been known for two centuries.” 
Newtonian celestial mechanics which, in the nine- 
teenth century, had led: to the discovery of the 
planet Neptune, failed to account for the advance 
of the perihelion of Mercury, which required for 
its explanation Einstein’s general theory of rela- 
tivity; but this one failure did not mean that a 
theory which had proved almost universally appli- 
cable would have to be abandoned. Here, I be- 
lieve, we see the true meaning of orthodoxy in 
science: scientists continue to employ useful the- 





21 The autobiography of Robert A. Millikan, 66-67, 
N. Y., Prentice-Hall, 1950. 

22 Cf. Partington, J. R., and McKie, Douglas, His- 
torical studies on the phlogiston theory, Annals of Science 
2: 361-404, 1937; 3: 1-58, 337-371, 1938; 4: 113-149, 
1939. We may note that the phlogiston theory disap- 
peared only when its last adherents died. 


ORTHODOXY AND SCIENTIFIC PROGRESS 


Sil 


ories or conceptual schemes (even though they 
may be aware of their limitations) just because 
they are useful, and they revise such theories or 
conceptual schemes, whenever necessary, so that 
new evidence may be accommodated. Eventually, 
wholly new conceptual schemes or theories are 
formulated to replace the older patched-up the- 
ories, and as their prowess is demonstrated, more 
and more scientists accept the new and unortho- 
dox conceptions until, eventually, these new con- 
ceptions become so widely adopted that they are 
orthodox in themselves. 

Scientists continue to use the word “orthodox”’ 
to define their behavior. Albert Einstein’s stand 
against what he calls “the statistical quantum the- 
ory” is well known and he freely admits that he 
has not fallen “in line with the opinion of almost 
all contemporary theoretical physicists,” referring 
to “the thesis that the ¥-function characterizes the 
individual system exhaustively” as the “ ‘orthodox’ 

. quantum position” and to those who hold it 
as “the ‘orthodox’ quantum theoreticians.” ** In 
the degree to which Einstein is almost alone in his 
views he is plainly unorthodox in the conventional 
sense, as the word is used in this article, although 
clearly we have no warrant for belief that future 
generations will find our position to have been 
more “correct” than his. Such unorthodoxy is 
on the plane of theory, but it also may exist on 
the plane of experience. 

J. J. Thomson relates that when he was Master 
of Trinity College, Cambridge, a new well was 
needed on “one of our farms.” The Senior 
3ursar, “who was a Fellow of the Royal Society, 
proceeded in the orthodox way and employed emi- 
nent geologists to report on where we ought to 
sink a well. Their advice, however, did not lead 
to any water.” The college’s land agent then 
suggested a famous local dowser who, apparently 
unlike the geologists, was willing to “sink the 
well on the terms ‘no water, no pay.’” He 
“found water.” An article in Nature deplored 
this unorthodoxy and “lamented that Trinity Col- 
lege—the College of Newton—should have given 
countenance to such superstitious and unscientific 
practices.” Thomson evidently believed dowsing 
to be a practice that met the test of experience— 


23 Schilpp, Paul A., ed., Albert Einstein philosopher- 
scientist, 666, 681, Evanston, Ill., The Library of Living 
Philosophers, 1949. Einstein’s exact position is stated 
by him as follows: “I reject the basic idea of con- 
temporary statistical quantum theory, insofar as I do not 
believe that this fundamental concept will provide a use- 
ful basis for the whole of physics.” 








512 I. BERNARD COHEN 


“There is no doubt of the reality of the dowsing 
effect’”—and considered it unorthodox only because 
it did not meet with the approval of geologists. 
One gathers that his opinion was that approval 
was withheld chiefly because no satisfactory physi- 
cal (perhaps more likely physiological) explana- 
tion had been found. He stated explicitly, “Al- 
though I think most of the people who have paid 
any attention to the subject believe in the reality 
of dowsing, there is no agreement about its 
cause,” ** 

This example brings us to the problem of un- 
orthodoxy that runs counter to science, whereas 
all of the earlier part of this discussion has dealt 
with orthodoxy—and, by implication, unorthodoxy 

—within science itself. The “facts” of dowsing, 
we are confidently told, and despite J. J. Thomson, 
do not meet the tests of scientific investigation, 
which is the chief, and probably only, reason for 
the rejection of dowsing by hydrologists. Yet the 
practice of dowsing flourishes and grows.”° 

We may note that the race of circle-squarers 
did not die out when mathematicians proved that 
the circle cannot be squared, and trisections of the 
angle are still gleefully reported by the daily press. 
The circle-squarers, angle-trisectors, dowsers, 
palmists, astrologers, numerologists, and others 
who believe in, or who practice, unorthodoxies of 
various sorts, are not usually particularly inter- 
ested in studying scientific evidence that may be 
raised against them. Nor do these ladies and 
gentlemen ever present solid, reliable data to con- 
vince their scientific opponents. Rather, they ap- 
peal to the emotions and not the reason, declare 
themselves persecuted by narrow-minded ortho- 
doxy. 


24 Ref. 17, supra, 158-160. 

25 Cf. Riddick, Thomas M., Dowsing—an unorthodox 
method of locating underground water supplies or an 
interesting facet of the human mind, Proc. Amer. Philos. 
Soc. 96 (5): 526 534, 1952. 
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One unchanging orthodoxy has characterized 
the science of the past centuries ; it is that theories 
must be based on evidence. In the three follow- 
ing papers it will be seen that the “unorthodoxies” 
discussed are rejected in some measure because of 
judgment as to what actually is to be taken as 
scientific evidence.” Velikovsky’s theories are 
admittedly unorthodox,” but their utter rejection 
is not based on their unorthodoxy, but only on the 
palpable fact that they are unsupported by a body 
of reliable data such as is demanded of every new 
conceptual scheme.** 

As an historian I must confess that what in- 
terests me is not only the gross unorthodoxy of 
dowsing, “worlds in collision,” and parapsychol- 
ogy, but also the social phenomenon that serious 
attention should be given to topics in which the 
data (or experimental evidence) are plainly wrong 
or at best uncertain. The acceptance of new 
scientific ideas may be retarded by a kind of 
orthodoxy, but in the end their acceptance or re- 
jection depends on whether the supporting data 
can be verified, and also on the degree to which 
the new ideas are better than the old in explain- 
ing or correlating a wider area of knowledge, pre- 
dicting new and unsuspected phenomena, or 
employing fewer or simpler basic concepts. 

26 This seems especially to be the case in considering 
the reliability of the data in “ESP” experiments; cf. 
Kennedy, John L., An evaluation of extra-sensory percep- 
tion, Proc. Amer. Philos. Soc. 96 (5) : 513-518, 1952. 

27 “Unorthodox” is perhaps not so good a word as 
“paradox,” as De Morgan used it “in the old sense: a 
paradox is something which is apart from general opin- 
ion, either in subject-matter, method, or conclusion.” 
De Morgan noted that the meaning changed in England as 


early as the seventeenth century and quoted a definition 
of paradox: “ . a thing which seemeth strange: and 


absurd, and is common to contrary opinion.” Cf. 
De Morgan, Augustus, A budget of paradoxes 1: 2-3, 
Chicago, Open Court Pub. Co., 1915. 

28 Cf. Payne-Gaposchkin, Cecilia, “Worlds in Colli- 
sion,” Proc. Amer. Philos. Soc. 96 (5): 519-525, 1952. 
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AN EVALUATION OF EXTRA-SENSORY PERCEPTION 


JOHN L. KENNEDY 


Senior Social Scientist, The Rand Corporation, Santa Monica, California 


(Read April 24, 1952, by Leonard Carmichael in the Symposium on Some Unorthodoxies of Modern Science) 


I. INTRODUCTION 


THE possibility that the minds of men may pos- 
sess or may be able to develop mysterious powers 
of communication has intrigued the imagination 
of mankind from the earliest times. Precognition, 
telepathy, clairvoyance, and psychokinesis are 
words referring, respectively, to a supernormal 
ability to predict the future, to communicate with 
others at long distance without the use of commu- 
nication devices, to “see” events occurring at 
distance without the use of the sense organs and, 
finally, to exert a “kinetic” effect on physical ob- 
jects. We are impatient with our sensory limi- 
tations and the progress we have made in extend- 
ing the range of our awareness by means of ma- 
chines. So we speculate on the possibility that 
science and technology are overlooking facts which 
seem obvious to some of us, the facts of personal 
experiences which we interpret as establishing one 
or all of these unusual hypotheses as proven human 
abilities. 

In recent years much support has been given to 
these hypotheses by the publication of books and 
articles from the Parapsychology Laboratory at 
Duke University in which, it is claimed, scientific 
evidence has been obtained for the final convincing 
proof. The term “extra-sensory perception” or 
“ESP” was coined to describe telepathy clair- 
voyance, and precognition. ““PK” is the abbrevia- 
tion used to designate psychokinesis. 

One of the major points of the present paper 
will be that official science has not overlooked these 
hypotheses. From time to time in the history of 
science, competent scientists have devoted effort 
to investigate claims originating in everyday hu- 
man experience and in attempts to do scientific 
experiments. For example, the psychologist Jo- 
seph Jastrow and the magician Harry Houdini, 
investigated “mediums,” with the routine conclu- 
sion that the so-called phenomena of mediumship 
were produced by fraudulent means. The roster 
of names on the other side of the continuing con- 
troversy is, to the neophyte, equally impressive. 
Convinced of the reality of some mediumistic 


phenomena were such famous people as Sir Wil- 
liam Crookes, physicist, Sir Arthur Conan Doyle, 
author, Sir Oliver Lodge, physicist, William 
McDougall, psychologist and many others. The 
Case For and Against Psychical Research, pub- 
lished by Carl Murchison (6) * in 1927, repre- 
sents the best semi-popular summary of pre-ESP 
interest in the subject. In this volume, the de- 
baters lined up on either side of the issue, with 
two psychologists, J. E. Coover and Gardner 
Murphy, taking the middle ground of “Uncon- 
vinced as Yet.” We do not have the time today 
to consider and evaluate the long history of the 
controversy. The argument can be carried on at 
many levels, from personal experience to scientific 
experimentation. The present paper will be 
limited to an analysis of the claims of the Para- 
psychology Laboratory that supernormal abilities 
in telepathy, clairvoyance, and psychokinesis have 
the status of proven scientific fact. It will not 
deal with other potent sources of belief in psychic 
phenomena such as mediums, haunted houses, 
et cetera. 

In 1884, Richet (10) proposed a method by 
means of which the criticism of “coincidence” 
could be eliminated from evaluations of incidents 
of telepathy and clairvoyance. He suggested that 
the person tested should guess the cards in a 
shuffled deck, thus introducing the notion of proba- 
bility measurement of the hypothetical ability. 
Since that time, literally thousands of decks of 
cards have been guessed under a wide variety of 
experimental conditions in the attempt to convince 
a skeptical world of the reality of extra-sensory 
perception. Recently, dice have been substituted 
for cards as the random device. 

_ The modern period of interest in extra-sensory 
perception began with the publication (7) in 1934 
of Extra-Sensory Perception by Dr. J. B. Rhine 
of Duke University. This was followed in 1937 
by New Frontiers of the Mind (a Book-of-the- 
Month selection) by Rhine (8), Extra-Sensory 


1 Numbers in parentheses indicate references at end of 
article. 
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Perception after Sixty Years by Greenwood, Pratt, 
Rhine, Smith and Stuart (1) in 1940 and, in 
1947, The Reach of the Mind by Rhine (9). 
These books, written by members of the staff of 
the Parapsychology Laboratory at Duke Univer- 
sity, described card-guessing and dice-throwing 
experiments of the Richet type. They describe 
the results of experiments in which “chance” is 
eliminated as a satisfactory explanation of suc- 
cesses in card guessing. Without due regard for 
other sources of error, they have adopted the con- 
clusion that the experiments do prove the ESP 
hypothesis. With characteristic enthusiasm, the 
general public purchased special ESP cards and 


card guessing became a popular party game. The 
scientists, particularly the psychologists, were 


again called upon to evaluate the latter day marvel. 
Once more the battle lines were drawn and the 
journals and the press resounded with polemic. 
All the old arguments were trotted out, famous 
men gave opinions, the scientists were roundly 
castigated for not being more interested—and then 
the sensational press went about finding a new 
marvel. The writer devoted full-time during 
1936-1938 to the study of ESP as Fellow in Psy- 
chical Research at Stanford University. In this 
period, he came to appreciate the penetrating con- 
tributions of Dr. John Edgar Coover (2) to the 
understanding of “‘psychic” phenomena. Coover, 
who was Fellow in Psychical Research at Stan- 
ford for some twenty-five years, was, in the 
writers’ opinion, the outstanding authority in this 
field. 

Through contact with Coover, the writer was 
impressed first of all by the necessity for careful 
laboratory control of conditions of observation and 
recording in this most difficult field. Experi- 
mentation is beset by multiplicity of possible er- 
rors of judgment, observation, memory, and re- 
porting. A casual attitude toward these funda- 
mentals of scientific method invariably shows up 
in fuzzy experimental technique. The second im- 
portant conclusion reached was that, in Coover’s 
words (3), 





Perception is not the photographic process the lay- 
man and elementary text books take it to be. We 
do not perceive with our senses. 
our minds 


We perceive with 
A perception, we might say, is a 
process compounded of sensation and imagination; it 
is the result of sensory impressions being assimilated 
by memorial material. . . . When the sensorial com- 
ponent is definite but overridden, illusions occur ; 
when it is negligible, hallucinations occur. Thus per- 
ception is not different in its constitution from illu- 
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sions or hallucinations. The observer himself is un- 
able to distinguish the difference. 


This statement is important for anyone inter- 
ested in evaluating psychical research, be he sci- 
entist or layman. It is a statement of modesty 
with respect to the objectivity of personal experi- 
ences. It says that all men are suspect as ob- 
jective recording devices. Again, in the words 
of Coover (3), 


The incredulity of the psychologist does not spring 
from an a@ priori judgment that metaphysic phenomena 
are not possible; it comes from his knowledge of 
psychological causes of error, and the resulting con- 
viction that reliance upon the scientific method alone 
is the price of admissible evidence. 


We have, in the last quotation, a clear-cut yard- 
stick with which to measure extra-sensory per- 
ception. Although the experiments were per- 
formed in a laboratory of a great university, were 
the methods used in collecting the data objective 
scientific methods? Were the data collected with 
full knowledge and understanding of psychological 
causes of error? These are questions which can 
be answered and they should be answered. 


Il. ESP AND PK EXPERIMENTAL METHODS 


The analysis of experimental methods in ESP 
is not a casual pursuit. It requires a professional 
training, primarily in experimental psychology. 
It requires careful reading of descriptions of exact 
conditions of observation and control and, prefer- 
ably, repetition of experiments with and without 
experimental control. For example, the statement 
that, “The guesses of the subject were recorded on 
a data sheet” may be a satisfactory description to 
some investigators, but the experimental psycho- 
logist must ask, “Precisely how were the guesses 
recorded, who did it, how much knowledge did 
he have of the correct answers, was he expecting to 
find ESP, et cetera.”” ESP evaluation is not easy 
for the amateur in experimental psychology, no 
matter how eminent or well-trained he may be in 
other fields of science, the arts or the humanities. 
There is no substitute for the humility toward 
one’s own limitations as an observer, which is the 
hallmark of sound training in experimental psy- 
chology. 

Let us take some examples. Uphoff and the 
writer (11) studied the objectivity of recording 
of a convinced believer in extra-sensory percep- 
tion. In this experiment a series of trials was 


carried out using a modification of the Rhine 
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General ESP or Telepathy-Card Test. The re- 
ceiver was placed in one room, the sender in an ad- 
joining room with the door open between. In- 
stead of cards, the sender used record sheets in 
which the order of symbols from ten shuffled decks 
of cards had been recorded before the experiment. 
The sender, in beginning a series of twenty-five 
guesses, concentrated on the first symbol in the 
record book and signalled that she was concen- 
trating to the receiver by pressing a telegraph key 
once. The receiver then called out the name of 
the guessed symbol. The sender then recorded 
the guessed symbol in the appropriate space in 
the record book adjacent to the symbol on which 
she was concentrating and went on to the next 
symbol. At the conclusion of the run of guesses, 
the sender went back over the record and circled 
the correct guesses. Now, although to the casual 
reader this may appear to be a straightforward 
objective set of conditions for testing ESP, it 
has a serious defect, namely, the sender-recorder 
was not only aware of the correct symbol when 
she was supposed to record the receiver’s guesses, 
but she was actually concentrating on the correct 
symbol at the time the receiver’s guess was made. 
It was quite reasonable to suspect, therefore, that, 
under conditions of excitement and strong belief, 
mistakes in recording would occur such that the 
sender would record the symbol on which she was 
concentrating rather than the symbol she heard 
from the receiver. These mistakes emerge in the 
final results as successes and provide completely 
erroneous data for statistical analysis. The nec- 
essary control here is simple—obtain an independ- 
ent record of the receiver’s guesses and compare 
it with the record made by the sender of the same 
objective events. Or, if one wishes to be cau- 
tious, record the receiver’s guesses on a sound 
recorder. The important control is to obtain a 
comparison record free from the bias of knowledge 
of the correct symbols. We actually stationed an 
independent human recorder in the room with the 
receiver and were able to compare these records 
with the recordings of the sender. 

Two group of trials were obtained. The first 
group of 40 packs or 1,000 guesses was gathered 
under conditions of excitement and expectation of 
ESP by the sender and without knowledge of the 
presence of the independent recorder in the re- 
ceiver’s room; the second group of 750 trials was 
obtained when the sender knew that an inde- 


pendent record of the receiver’s guesses was being 
kept. 
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The total number of successes in the first set of 
1,000 trials, as handed in by the sender, was 229. 
The expected “chance” number was 200. This 
excess is nearly large enough to rule out random 
or chance causation, according to the usual test 
of statistical significance. When the independent 
record of the receiver’s guesses was compared with 
the record of the same objective auditory events 
reported by the sender, however, many cases of 
disagreement between the two observers were 
found. For the 1,000 trials of the first series, 
the net effect of these errors in the sender’s record 
was to increase the successes by 46 spurious “hits.” 
With the spurious successes removed, the deviation 
from chance expectancy was slightly negative and 
not statistically significant. During the second 
series of 750 trials, when the recorder knew an 
independent record was made, there were only 
two spurious successes and the results were well 
within the limits of chance expectancy. 

It is the writer’s conviction now, as it was four- 
teen years ago, that conscious fraud is not the 
explanation of these data. We are dealing here 
with a common failing of human beings, namely, 
that they are not trustworthy recording devices. 
Excitement and desire for particular results biased 
the recording. Official science, and particularly 
experimental psychology, learned this lesson many 
years ago. It is the first and most difficult lesson 
in science. 

In order to understand more completely the role 
of bias in the production of ESP, Uphoff and the 
writer (11) studied the effect on recording errors 
of recorders who held opinions at opposite ends 
of the scale of belief in telepathy. It is possible 
to find people who are as vigorously opposed to 
the idea of telepathy as the “believers” are vigor- 
ously for the idea. The instrument we used was 
an attitude-toward-telepathy scale, constructed in 
accordance with the method of Likert. The scale 
contained 19 statements, such as “Telepathy is all 
bunk” and “Telepathy is present to some extent in 
all of us.” Table 1 shows the attitude scale re- 


sults on some sample populations. The possible 


‘range of scores is from 19 to 95, 19 indicating 


extreme disbelief and 95 indicating extreme belief. 

From the second group of college students, 14 
subjects at each end of the belief scale were selected 
to serve as recorders in an experiment similar to 
the one described above. The mean attitude score 
of the 14 “believers” was 69.71; the mean of the 
14 “disbelievers” was 34.86. The subjects were 
told that they had been selected at random from 
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TABLE 1 


ATTITUDE SCALE RESULTS ON SOME SAMPLE POPULATIONS 











| 











Group memes | Mean [pte | SD 
College Students N = 182 | 29-82 | 57.16| 58.40 | 9.74 
College Students N = 128 | 27-74 3 .54 | 55.44 | 11.36 
Graduate Students 
in Psychology N = 18 | 26-56} 36.17 | 36.00 | 8.75 
Psychical Research 
Society N= 10| 60-89 | 73.10 | 71.50 | 8.47 


the group of 128 and were in ignerance of the 
purpose of the experiment. Each subject acted 
as a recorder under two conditions, (a) when the 
cards and guesses were so arranged that he ob- 
tained results substantially above the chance level 
(average of 8 hits per pack) and (b) when the 
cards and guesses were so arranged that he ob- 
tained results substantially below chance expec- 
tancy (average of 3 hits per pack). With this 
experimental design, it was possible to study the 
objectivity of their recording behavior both when 
they were obtaining results in line with their ex- 
pectations and when they were obtaining results 
contrary to their expectations. 

In a total of 445 decks or 11,125 
guesses, 126 recording errors were made. 
seven spuriously increased the score, 27 decreased 
the score, and 42 had no effect. The first point 
of interest has to do with differences between peo- 
ple. Some people are more “error prone” than 
others. Table 2 shows the data on individual 
differences in error commission. 


separate 
Fifty- 


Table 3 shows a comparison of errors according 
to the belief of the subject. 

Let us consider the interpretation of the data in 
table 3. Although both groups made about the 
same number of non-critical errors, they tended to 
distribute their critical errors in accordance with 
their predetermined bias. The believers tended 


TABLE 2 
Number of 
Errors/experiment subjects Total errors 

0 0 0 
1 4 4 
3 8 24 
4 8 32 
5 4 20 
8 2 16 
14 1 14 
16 1 16 
28 126 
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TABLE 3 


COMPARISON OF ERRORS MADE BY BELIEVERS 
AND DISBELIEVERS 


Increased Decreased No 
score score effect Total 
Believers 36 9 22 67 
Disbelievers 21 18 20 59 


to make errors that would increase the score and 
the disbelievers tended to make errors that de- 
creased the score. Error commission, in this ex- 
periment, however, is loaded in the direction of in- 
creasing the score since the subject was concen- 
trating on the correct symbol at the time he was 
required to record the guessed symbol. 

The lesson to be learned from the experiment 
is plain—avoid using human recorders under con- 
ditions in which their attitudes, expectations, and 
focus of attention can influence the results. This 
inadequacy in experimental technique runs 
throughout the Duke University card experiments 
and the more recent ones (PK) on the influencing 
of the fall of dice by the “will” of the subject. 
The control, in the case of cards, is completely 
independent recording and, in the dice case, photo- 
graphy of the dice before they are scooped up for 
another cast. Under conditions of expectancy 
and excitement, it is easy for the observer to see 
two spots on a die face instead of three, particularly 
if many dice are cast at the same time. 

Some years ago, the writer (4) reviewed the 
literature of ESP from the point of view of ex- 
perimental methodology. The great majority of 
reported experiments were suspect for recording- 
error reasons. Such errors were actually found 
by the writer (5) in photostats of the records of 
an experiment reported in the Journal of Para- 
psychology as evidence for ESP. This was the 
only experiment in which it was possible to check 
on the accuracy of recording of the subjects’ 
guesses by comparing two separate records of the 
guesses. It was not possible to check on the ac- 
curacy of recording of the true card symbols. 
Again, the seeker after objectivity is faced with 
uncertainty arising from slip-shod experimental 
control. At Stanford, we were able to find ESP 
only when the controls were lax. ESP was elimi- 
nated when the necessary independent records 
were made. It appears that satisfactory experi- 





mental controls are not routine in ESP and PK 
experiments because too much reliance is placed 
on the objectivity of the experimenter in recording. 


nf o — — 
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Ill. CONCLUSIONS AND SUMMARY 


We may state the conclusions of and summarize 
this paper by attempting to answer questions that 
the general public might ask about ESP and PK. 

Q. Why is the possibility of telepathy, clair- 
voyance and other psychic phenomena ignored by 
official science? 

A. This possibility has not been ignored. 
Such unusual abilities appear to be relatively un- 
likely ; hence the investigation has not been pushed 
as hard as some other fields where the pay-off 
appears to be greater. Each time a new technique 
appears in the psychic field, it has been studied and 
evaluated by scientists. 

Q. Why is it that personal experiences are not 
accepted at face value by official science ? 

A. Official science has developed a set of rules, 
known as the scientific method, for evaluating the 
objectivity of personal experiences. One of these 
rules states that science deals with public informa- 
tion on which general agreement can be reached. 
Personal experiences often do not have this public 
character. The position of official science is based 
upon agreement of competent observers, but it 
also provides ground-rules for the observers which, 
when properly applied, tend to free them from 
psychological sources of error. 

Q. The Parapsychology Laboratory is located 
in a great university. Why is it, then, that official 
science has still not accepted ESP and psycho- 
kinesis ? 

A. The methods used in collecting data are 
open to serious question as to the objectivity of 
recording and processing of the basic data. In the 
ESP case, some repetitions of the experiments by 
other investigators have produced supporting re- 
sults, others have not. It seems fair to say that 
the majority of investigators who obtained posi- 
tive results were “believers.” The majority of 
outside investigators who obtained negative results 
were skeptics. Official science is based upon 
observations concerning which both the believer 
and the skeptic can and do agree. In other words, 
scientific data which are sensitive to the precon- 
ceived convictions of the experimenter are always 
suspect. 


Q. In what 
scientist ? 


ways can bias influence the 


A. If he designs his experiments properly and 
exercises the necessary controls on his observa- 
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tions, bias can play only a minor role in his results. 
But bias will seek out and capitalize on loop-holes 
in experimental procedure. Bias will determine 
the selection of experimental procedures which 
yield data in support of the belief. Preconceived 
belief will make the scientist less critical of his 
own methods than he should be. Conviction will 
lead him to the impasse of generating uncertainty 
in the minds of his colleagues as to the objective 
character of his observations. 

Q. If there is uncertainty concerning ESP and 
PK from the point of view of official science, what 
should be done about it? 

A. This is a question which properly should be 
directed at the scientists who are convinced of 
the reality of ESP and PK. Official science 
adopts the attitude that it is the responsibility of 
the promoter of a new scientific discovery to satis- 
fy all critics as to the authenticity of the discovery. 
Acceptance of many novel ideas and discoveries in 
science has been. delayed while the “convincing” 
process took place. Official science is ultra-con- 
servative about new discoveries because so many 
of them turn out to be cases of self-delusion on the 
part of a scientist or even a group of scientists. 
Claims for the reality of psychic phenomena in 
general have generated a long history of disap- 
pointments. Viewed in the light of the history of 
psychical research, ESP and PK present the same 
uncertainty in interpretation as did the claims for 
mediums and their communication with the spirit 
world. It is doubtful whether certainty on the 
question of the limits of human communication 
capacity will ever be achieved. However, an 
informed public should, from time to time, de- 
mand and receive from official science an assess- 
ment of the state of agreement on investigations of 
psychic phenomena. The best statement that can 
be made in 1952 is, “Still Unproven.” 
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(Read April 24, 1952, by Karl K. Darrow in the Symposium on Some Unorthodoxies of Modern Science) 


Two series of cosmic catastrophes took place in 
historical times, thirty-four and twenty-six centuries 
ago; the geographical position of the terrestrial 
axis and its astronomical direction changed re- 
peatedly, and at a recent date the polar star 
was in the constellation of the Great Bear. The 
length of the day altered; the polar regions shifted, 
the polar ice became displaced into moderate lati- 
tudes, and other regions moved into the polar circles. 

Electrical discharges took place between Venus, 
Mars, and the Earth when, in very close contacts, 
their atmospheres touched each other; .. . the 
magnetic poles of the earth became reversed only a 
few thousand years ago; with the change in the 
moon's orbit, the length of the month changed 
repeatedly. 

The planets have been traveling along their 
present orbits for only a few thousand years. 

One planet—Venus—was formerly a comet 
[that] joined the family of planets within the mem- 
ory of mankind . Venus originated in the planet 
Jupiter... .! 


Scarcely a man, woman, or child can have 
escaped one of the adroitly-placed versions of 
these daring conclusions during the past two 
vears.”. Their author himself was not unaware 
of the implied collision with most of modern 
science. ‘‘Harmony or stability in the celestial 
and terrestrial spheres is the point of departure 
of . . . the celestial mechanics of Newton and 
the theory of evolution of Darwin. If these two 
men of science are sacrosanct, this book is a 
heresy.’” 

To an astronomer, at least, it seems scarcely 
worth while to enumerate the reasons for dis- 
missing the book’s conclusion as preposterous. 
To reiterate the facts of elementary astronomy 
would be an infliction on any audience and an 
affront to this one. But the problem is much 
wider than that of exposing a crank theory as 
such, a task already performed by a number of 

! Velikovsky, Immanuel, Worlds in collision, 379-380, 
(Macmillan) Doubleday, 1950. 

2 Harper’s Magazine, Reader’s Digest, Collier’s Magazine, 
This Week Magazine, 1950. 

§ Velikovsky, Immanuel, Worlds in collision, vii. 





PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY, VOL. 96, No. A 


519 


competent scientific reviewers. The thesis of 
the book is scientific, but the evidence is drawn 
from an immense mass of biblical evidence and 
Hebrew tradition, myth and folklore, classical 
literature and the works of the Church fathers. 
A critic is faced not only with the comparatively 
easy task of showing that the results are unten- 
able, but also with the Herculean labor of laying 
a finger on the flaws in an argument that ranges 
over the greater part of ancient literature. 

A book that purports to be the production of 
a polymath tends to stifle criticism by sheer 
weight. The unanimous comment of one group 
of students was: ‘“‘very impressive; but nonsense 
in my field, of course.’’ If all readers had com- 
plete classical libraries, and could read them; if 
every man were his own Assyriologist and habit- 
ually studied the Bible in the Hebrew and Sep- 
tuagint versions, Dr. Velikovsky would have 
had short shrift. For when one examines his 
sources, his argument falls to pieces. My excuse, 
perhaps the only one, for accepting the invitation 
to talk on the subject, is that | did examine all 
the original sources that I was able to obtain 
and competent to read. I spent a delightful 
couple of weeks, and the results may be sum- 
marized by endorsing what Mr. Velikovsky says 
about his book: it 7s a heresy, in the original sense 
of the word. He has not only chosen his sources; 
he has even chosen what they shall mean. 

Let me give one example. The book identifies 
Venus, that sprang from Jove’s head and at- 
tacked the earth, with Typhon-Typhoeus (known 
to students of mythology as a personification of 
volcanic action), and sees in the “‘battle in the 
sky’’ as the comet approached the earth, the 
combat between Marduk and Tiamat, Isis and 


‘Herget, Paul: Cincinnati Enquirer, April 1, 1950; 
Struve, Otto: New York Herald Tribune, April 2, 1950; 
Kaempffert, Waldemar: New York Times, April 2, 1950; 
Playfair, W. E.: Boston Herald, April 9, 1950; Brown, 
Harrison: Saturday Review, April 20, 1950; Condon, E. U.: 
New Republic, April 24, 1950; Neugebauer, Otto: Jsis 41: 
245, 1950; Latourette, K. S., Kubler, George, Wildt, 
Rupert, and Longwell, Chester R.: Amer. Jour. of Science, 
248: 584, 1950. 
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Seth, Vishnu and the serpent, Krishna and the 
serpent, Ormuzd and Ahriman, and Zeus and 
Typhon. “One of the places of the heavenly 
combat was on the way from Egypt to 
Syria. According to Herodotus, the final act 
of the fight between Zeus and Typhon took place 
at Lake Serbon on the coastal route from Egypt 
to Palestine.”” But Herodotus says nothing about 
the battle, or even about Zeus, in the passage 
quoted.® 


amd b¢ LepBwvidos Aiuvyns, &v rH by Advyos Tov 
Tud®d xexpig@a, ard rairns hén Alyurros: 


“Egypt begins at the Serbonian shore, where, 
they say, Typhon, is hidden.” 

A cosmic encounter, we read, was responsible 
for the destruction of the army of Sennacherib 
by a “blast of fire.”” But none of the three 
biblical accounts of the event mentions a blast: 
each one ascribes the defeat of the enemy to an 
angel. We do find a blast in the prophecy 
made by Isaiah before the event: ‘‘Behold, I will 
send a blast upon him, and he shall hear a rumor, 
and shall return to his own land.’ But the 
Hebrew word used here means ‘‘wind or spirit” 
rather than “‘fre.’’* 

Herodotus gives a very different account of 
the defeat of Sennacherib’s army, which does 
not suggest any catastrophe on a cosmic scale.® 

pera bé€ én’ Alyurroy ée\abvew 
Baoitéa 


oTparov weyav 
"ApaBiwy re kai Acovpiwr: 
tvOaira amuKouévoror toot évavriowss [ardor | excxu- 
Géevras vuxrds pis Gpovpaiovs xara péevy dayew Trois 
daperpavas durav, xara bé€ ra rdga, mpds b€ rap 
aoridwy ra dxava, Gore Ty boTEepain pevydvTwy ahéwv 
yuuvar [ dvordwv | reve wodXor. 


LavayapiBor 


Afterwards . Sennacherib, king of the Arabians 
and Assyrians, marched his vast army into Egypt. 

As the two armies lay here opposite one an- 
another, there came in the night a multitude of 
field-mice, which devoured all the quivers and bow- 
strings of the enemy, and ate the thongs by which 
they managed their shields. Next morning they 
commenced their flight and great multitudes fell, 


as they had no arms with which to defend them- 
selves.'? 


5 History, iii, 5. 
*IIl Kings, xx, 35 
Xxxvii, 36. 


: II Chronicles, xxxii, 21; Isaiah, 
7 II Kings, xix, 7. 
%I am indebted to Professor Robert Pfeiffer for this 
information. The LXX has the word wrvedua, wind or air. 
* History, ii, 141. 
© History, ii, 141 (Rawlinson translation). 
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Or we may take the references to the myth of 
Phaethon, which our author also identifies with 
the invading ‘‘comet,’”’ Venus. ‘“‘The earliest 
writer,’ he says, ‘‘who refers to the transforma- 
tion of Phaethon into a planet is Hesiod,’ and 
cites the Theogony. But Hesiod" says nothing 
of the kind: 


ab’rap vrai Kegadw giticaro gaidipor vidr, 
1g@pov Pafovra, Oedis érceixeXov Gvdpa. 
Tov pa veov reper, &vOos Exovr’ Epixvdeos HBns 
a ’ ; 4 : ‘ ’ , 
wad araXa gpovéovra, giiouperdns Agpodirn 
@pr’ avapefapéern, kai wv Cabéors evi vnors 
vnoroXov vix.ov rornoaro, daivova dior. 


And Eos bare to Tithonus brazen-crested Mem- 
non, king of the Ethiopians, and the lord Emathion. 
And to Cephalus she bare a splendid son, strong 
Phaethon, a man like the gods, whom, when he was 
young in the tender flower of glorious youth, with 
childish thoughts, laughter-loving Aphrodite seized 
and caught up and made a keeper of her shrine by 
night, a divine spirit. 


Here is no statement of transformation into 
planet, and this Phaethon is not even the son of 
Apollo (Helios), but of Cephalus, son of Erech- 
theus, though there may be some connection 
between the legends, for his mother is the Dawn. 
Certainly no scientist would be willing to found 
a theory, much less abandon a well-established 
theory, on the basis of Hesiod’s statement. 

Of such tenuous material the author of Worlds 
in Collision weaves his web. The method is one 
that might be used (and has often been used) to 
bolster any conclusion whatsoever. One could, 
for example, collect a formidable array of proof 
of the occurrence of human parthenogenesis from 
the legends of the birth of Attis and Mithra, 
Buddha and Harpocrates, Danae and the son of 
Ishtar, not to mention that of the founder of 
Christianity. I hardly think that biologists 
would be convinced, despite the general occur- 
rence of parthenogenesis elsewhere in the animal 
kingdom, and its artificial production in rabbits. 

The interpretation of folklore in the light of 
astronomical phenomena is an equally debatable 
and treacherous proceeding. A leading author- 
ity on the folk tale” considers that ‘‘we have no 
assurance, nor does it even seem likely, that most 
primitive peoples really concern themselves much 
with the heavenly bodies. The analogies be- 
tween actual motifs and these astral phenomena 


1 Theogony, 984-991. 
Thompson, Stith, The Folktale, 384, Dryden Press, 
1946. 
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are based on the most tenuous suggestions and 
are probably not valid even for one people, 
though they are stated as dogmas and applied 
to the whole world.” 

Our author makes considerable play with the 
Flood myth. He identifies the catastrophes that 
are recorded in Exodus with the floods of Deu- 
calion and Ogyges; ‘“‘East of Egypt, in, Babylonia, 
the eleventh tablet of the Epic of Gilgamesh 
refers to the same events.’ Not content with 
contemporizing legends that are generally asso- 
ciated with widely different epochs, he surpasses 
himself by the statement that ‘‘ Worlds in Colli- 
ston comprises only the last two acts of the 
cosmic drama. A few earlier acts—one of them 
known as the Deluge—will be the subject of 
another volume of natural history.’’"* In other 
words, he supposes that the Noachian deluge 
antedated the great Mesopotamian epic, which 
one authority" describes as “older than the 
Hebrew by at least eleven or twelve centuries.”’ 
The absurdity of the Flood story as evidence of 
a universal deluge was discussed long ago by 
the redoubtable T. H. Huxley."® Although Mr. 
Velikovsky cites the results of excavations at 
Ur in support of his contention that the deluge 
was universal, the findings of the archaeologists 
do not bear him out. 





The annalists . made mention of it as an event 
which interrupted the course of history . .. but 
so far from the disaster being universal some 
at least of the local centres of civilization survived 
it... .% This deluge was not universal, but a 
local disaster confined to the lower valley of the 
Tigris and Euphrates affecting an area perhaps 400 
miles long and 100 miles across. . According to 
Sumerian annals, some of the cities did survive.'” 


We have here an example of the liberties that 
Velikovsky is willing to take with chronology, 
which does not argue favorably for the promised 
essay on “Ages in Chaos,’’'® a work apparently 
most aptly titled. 

'8 Velikovsky, Immanuel, Worlds in collision, viii. 

‘Frazer, Sir James, Folklore in the Old Testament 
(abridged edition), 63. 

' Huxley, T. H., Science and Hebrew tradition, Collected 
Essays, 4: 239, 1893. 

16 Woolley, Sir Leonard, Ur of the Chaldees, 17, Penguin 
Books, 1950. 

17 Thid., 24-25. 

‘8 This treatment of chronology has now appeared (1952, 
Doubleday). For the purpose of the present paper, we 
need only to quote from the Introduction: ‘At present no 
chapter of Worlds in collision needs to be rewritten and no 
thesis revoked.” 
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The Deluge is mentioned in such a way as to 
suggest that a similar series of catastrophes 
occurred at an earlier date; and the further prom- 
isé to “narrate at length why Jupiter was the 
main deity of the peoples of antiquity”’;'® ‘‘I may 
divulge here that at an earlier time, Jupiter 
had already caused havoc in the planetary fam- 
ily, the earth included . . .,’’?° suggests an asso- 
ciation with that lordly planet. The Deluge of 
Noah is no doubt to be ascribed to the antics of 
Jupiter Pluvius. One can only hope that Saturn 
will not be neglected; but when we recall that 
Saturn-Chronos was the father of Jupiter and 
devoured his own children, we can feel reassured 
that he also will be fitted into the picture. 

I shall choose two other points in the argument 
which impinge respectively on biology and chem- 
istry—the flies of the Plagues of Egypt and 
the manna. ‘The question arises,’’ we read,”! 
“whether or not the comet Venus infested the 
earth with vermin which it may have carried in 
its trailing atmosphere. ... It is significant 
that all around the world peoples have associated 
the Planet Venus with flies.’’ Presumably the 
flies were derived from Jupiter, with its atmos- 
phere of methane and ammonia, and its tempera- 
ture of —200° F. (no hypotheses, these latter, 
but stark facts deduced from direct observation). 
Even if it could be granted that life were possible 
under Jovian conditions, and could adapt itself 
to the very different earthly climate, how can we 
explain that the ancestors of terrestrial flies can 
be traced back to the middle Tertiary, about 
fifty million years ago?” 

It is unthinkable that such specialized crea- 
tures developed independently in so different an 
environment as the frigid, oxygenless atmosphere 
of Jupiter. And if the Biblical ‘‘flies’’ were not 
really flies, but something else, what becomes of 
the argument from the alleged association of 
Venus with flies, or from Beelzebub, “‘Baal of 
the fly’’? 


The reflecting power of Venus is greater than that 
of any other planet . almost equal to that of 
newly fallen snow. On the basis of this research | 
assume that Venus must be rich in petroleum gases. 

. .3 [italics mine] Torrents of petroleum poured 
down upon the Caucasus and were consumed. . . .*4 


19 Worlds in collision, 382. 

20 Tbhid., 173. 

21 Tbid., 185. 

221 am indebted to Professor Frank Carpenter for this 
information. 

23 Worlds in collision, 369. 

24 [bid., 57. 
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Most probably the atmosphere discharged its com- 
pounds, presumably of carbon and hydrogen. 
After the nightly cooling, the carbohydrates precipi- 
tated and fell with the morning dew,” 


in other words, as manna. It needs no insistence 
on the geology and chemistry of petroleum to see 
the absurdity of such an origin for our petroleum 
resources, buried under layers of thousands of 
feet of impervious rock.” And every schoolboy 
knows that carbohydrates and hydrocarbons are 
entirely different compounds; indeed if we knew 
how to convert the latter into the former we 
should have contributed greatly to the solution 
of the world’s food problems. 

Velikovsky quotes, as fact, as much of the 
Biblical account of manna as serves his purpose. 
He omits, however, one important statement. 
“And Moses said: . six days ye shall gather 
it: but on the seventh day, which is the sabbath, 
in it there shall be none. And it came to pass, 
that there went out some of the people on the 
seventh day for to gather, and they found 
none.’"*? Here we have an unprecedented peri- 
odicity on the part of a comet's tail. I need 
scarcely mention that a comet’s tail contains 
not only simple hydrocarbons, but also highly 
poisonous carbon monoxide and cyanogen; so 
that if manna were indeed deposited in the way 
and quantity suggested, it must have been ac- 
companied by similar amounts of lethal gases. 
But the earth has passed through the tails of 
comets (such as Halley’s comet in 1910) without 
any noticeable effects whatsoever. 

This is not the first criticism of Worlds in 
Collision that | have written,?> and I have en- 
countered again the difficulty that has faced me 
every time. | am an astronomer, and | am 
criticizing a book on its astronomical conclusions; 
but | have said nothing about its scientific argu- 
ments. The reason will be clear to any reader 
of the volume: it contains no scientific argu- 
ments; not a formula, not a number (save for 


arbitrarily assigned dates) presents itself for 
analysis. 
The author, however, has a very definite 


scientific thesis, which he has published else- 
where.*® He is not convinced of the validity of 

% Tbid., 134. 

* See Chester R. 
589, 1950. 

*7 Exodus, xvi, 25-27. 


Longwell, Amer. Jour. Science 248: 


This inconsistency was pointed 
out to me by Professor Henry Norris Russell. 

*8 See, for example, Popular Astronomy 58 (6), 1950. 

** Velikovsky, Immanuel, Cosmos without Gravitat 
Scripta Academica Hierosolymitana, 1946. 
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the law of gravitation. “Sun, moon, comets, 
planets, satellites, meteorites—all the heavenly 
host—air, water, mountain masses and sea tides, 
all disobey the ‘law of laws’ which is supposed to 
know no exception.” He supports his thesis by 
enumerating twenty-five phenomena that he 
finds inconsistent with the “law.” It would 
extend this paper too far if | were to enumerate 
them all, but I will mention three. Clouds and 
mist are composed of droplets that defy gravita- 
tion; the tails of comets do not obey the law 
of gravitation; and gravitation cannot account 
for the acceleration of some comets, such as 
Encke’s. None of these objections, of course, 
has any weight; and the acceleration of Encke’s 
comet has recently been successfully interpreted 
by Whipple.*° 

For the law of gravitation, Velikovsky wishes 
to substitute electrostatic forces; ‘‘attraction be- 
tween dipoles is the fundamental law.”’ This is 
a perfectly reasonable suggestion that lends itself 
to precise formulation and direct test. If the 
author had carried out this step he would have 
seen that however plausible his alternative to 
gravitation looks in verbal form, it fails to meet 
the quantitative test. The sun and the planets 
may carry small charges, but they could not pos- 
sibly possess electrostatic charges large enough 
to produce any of the observed effects on motion 
within the solar system, and if they could come 
as close to one another as Worlds in Collision 
suggests, no such effects as the gigantic ‘“‘cosmic 
sparks” and other phenomena that the author 
describes so graphically could possibly have 
resulted. The calculationsthat demonstrate this, 
for which I am indebted to Dr. D. H. Menzel, 
are reproduced in an appendix to this paper. 
The hidden hypothesis, on which Velikovsky’s 
whole work is predicated, is quantitatively 
refuted. 

Worlds in Collision fails to meet a very general 
test for a work of science, which is what it 
purports to be. More than once in this room 
| have heard William Lyon Phelps quote the 
remark that the earliest edition of a literary 
work is the most valuable, but the latest edition 
of a scientific work is the most important. 
Velikovsky makes use of the earliest possible 
scientific authorities (for observations of comets 
he goes to Seneca, for the depth of the earth's 
atmosphere to Laplace) and the latest versions 
of literary themes (his mythical ammunition 
stems from Ovid and Lucian, rather than from 


80 Whipple, Fred L., Astrophys. Jour. 111: 375, 1950. 
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sources nearer their origin, such as Homer and 
Hesiod, and he draws more on the Rabbinical 
embroideries than on the stark Biblical text). 

| have said enough, and more than enough, to 
dispose of the arguments by which Velikovsky 
attempts, by reference to tradition, myth, and 
folktale, to overthrow theories that are based on 


well-attested facts. But his book has brought 
in its train some problems that are subtler and 
more fundamental. 

Scientific men have been unanimous in their 
rejection of the thesis of Worlds in Collision. 
Its author (and he is not alone) believes that the 
scientific world is in the grip of traditionalism. 

Science has become dogmatic. A scien- 
tist must swear loyalty to the established dogmas. 
The first rule of the scientific attitude is to study, 
then to think, and then to express an opinion. A 
reverse of this is exactly what has been done 
by a group of scientists who have expressed opinions 
about my work." 


That a considerable number of intelligent 
people share this view ought to make the man 
of science take stock of himself. To what extent 
is it true? and, whether it is true or not, why 
is it so generally held? 

In these days of loyalty oaths, scientists may 
congratulate themselves that they are not, as 
such, required to swear to anything. None the 
less, every scientific man, every man who devotes 
his life sincerely to the advancement of knowl- 
edge, commits himself to certain loyalties. His 
loyalties are to principles, not to dogmas; to 
respect for evidence—all the evidence, not 
merely such as fulfils his expectations, and re- 
spect for those formulations that embody the 
evidence. We who are engaged in research are 
not concerned in preserving the existing frame- 
work of theories. We spend our lives searching 
for the wherewithal to modify and supplant 
them. The discovery of discordant facts is 
cause for rejoicing, not consternation. If Veli- 
kovsky had adduced any real evidence that 
compelled a revision of the laws of celestial 
mechanics, astronomers would have accepted the 
facts, and the challenge, with delight. His sup- 
porters imagine that we are shaking in our shoes. 
This is partly true: we are shaking, but with 
laughter. 

There have, admittedly, been many ideas that 
were rejected at first, but, like the heliocentric 





3! As reported by Breit, Harvey, New York Times, April 
2, 1950. 
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theory of the solar system, have survived to 
become the headstone in the corner. We try 
to remember, in the face of unorthodox views, 
that ‘some true thought might also occur to 
another man,” as to Creon’s unhappy son. But 
also we think that we know a non-sequitur when 
we see one; our critical faculties have not been 
developed only by dealing with cranks, for there 
is plenty of loose thinking and misinterpretation 
of evidence within the fold. The outsider might 
be surprised to learn how little mercy we have 
on, or ask from, our fellow scientists. 

Why is it, if scientists are really the open- 
minded men they think themselves, that they 
are under so much criticism of the “Science is a 
Sacred Cow” variety? I confess I do not under- 
stand why the revulsion against science takes 
this form. That there should be a revulsion 
seems rather natural; science has recently been 
associated in the public mind with the instru- 
ments of death and destruction. But to accuse 
scientific men of dogmatism, as a reaction against 
the results of what is perhaps the most amazing 
example of a shattering of accepted concepts on 
record, seems to be a non-sequitur of the first 
water. It might be reasonable to urge (as Sir 
Oliver Lodge did a generation ago) that research 
in physical science should be halted: but to 
accuse of hide-bound dogmatism the very men 
who have shattered not only the atom, but many 
of the fundamental ideas of the structure of 
matter, is preposterous. | think that the inter- 
pretation of the Sacred Cow theory lies outside 
the province of the astronomer; | leave the 
psychologists to deal with it. 

Since the publication of Worlds in Collision 
| have noted, with some amusement, the progress 
and publication of several researches in the realm 
of astronomy that put the fireworks of Worlds 
in Collision quite in the shade. One is the dem- 
onstration that the distribution and motions of 
the asteroids, or minor planets, can be inter- 
preted as the result of not one but several 
collisions between small planets. The result was 


not a mere change in orientation of axis or rate 


of rotation; the planets were smashed to frag- 
ments. Why have astronomers accepted these 
spectacular findings, and rejected the far milder 
suggestions of Velikovsky concerning the major 
planets? Not (popular opinion to the contrary) 
because the former are the work of “professional 
astronomers.’ The reason is that these findings 
are based on known facts—careful measurements 
of the motions of hundreds of asteroids, laborious 
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calculations of their orbits, and the discovery 
that these orbits are closely related to one an- 
other in a way that suggests an origin by explo- 
There have been catastrophic events 
within the solar system, though not within the 
past three thousand years 

Even more striking is the recent work of 
Spitzer and Baade® concerning the collisions, 
not of planets, but of systems of stars. They 
envisage the repeated collision of whole stellar 
systems that make up some of the compact 
They have shown that each 
of the galaxies of the Coma cluster must have 
collided an average of twenty times with other 
galaxies since the birth of the cluster. They 
find that two galaxies can pass through one 
another without distortion, so far as their stars 
are concerned, but that their gaseous substrata 
must collide explosively and be violently ejected 
into the surrounding space. Here is the most 
spectacular collision that can be imagined; and 
the results have been accepted by astronomers. 
The reason is not to be found in the eminence 
of the theory's proponents, but in its basis in 
careful observation and theory that, so far as 
our present knowledge goes, is basically correct. 
Spectacular results do not antagonize astron- 
omers: they are too much accustomed to them. 
We only ask that the results be based on facts, 
not on fairy tales; and that the interpretation 
be consistent with theory that rests on a firm 
basis—in other words, with theory that fits into 
the framework of the facts of other fields, not 
only the field in which it applied. Worlds in 
Collision fails to meet both tests. 


sion. 


clusters of galaxies. 


APPENDIX 


THE CELESTIAL MECHANICS OF 
ELECTRICALLY CHARGED PLANETS 


DONALD H. MENZEL 


lf Velikovsky wants quantitative discussion, 
let us give him one. He expresses doubt about 
conventional celestial mechanics and he states 
a hypothesis on which to work: if the sun and 
planets carry electric charges of sufficient inten- 
sity, the electrical forces may overpower the 
gravitational. The laws of celestial mechanics 
are not in themselves sacred and, if Velikovsky 
wishes to question them, he is at liberty to do so. 


* Spitzer, Lyman, Jr., and Baade, Walter, Astrophys. 
Jour. 113: 413, 1951. 
*% See Lafleur, L. J., Scientific Monthly 73: 284, 1951. 
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Hence let us make this assumption with Veli- 
kovsky and try to determine what would happen 
if the sun and planets suddenly acquired gross 
electric charges. But if we make the assumption 
we must accept all—not merely part—of its 
consequences. 

We easily determine what order of charge is 
necessary to make the electrical attraction equal 
to, say, 10 per cent of the gravitational. If r is 
the distance from sun to planet, if M, and M, 
are the respective masses, and Q, and Q,» their 
respective charges (in electrostatic units), and if 
G is the constant of gravitation, 


2:02 ca 1 GMM, 


re 10 9 1) 


The voltages V; and V2 (in volts) attained by 
the sun and planet are 


3000, 3000: 
= ’ ;= , (2) 
ry) Yo 
where 7; and re are the respective radii. From 
equations (1) and (2) we get 
Sie GM,M:; 
Vive 9000 : (3) 
Tle 


The masses and radii of the sun and earth are 
2 X 10* grams, 6 X 10°? grams, 7 X 10'° cm 
and 7 X 10%'cm. The constant G has a value of 
6.7 X 10-°: Thus 


ViV2 = 10° (4) 


approximately. If Vi = V2, we find that 


V = 10'® volts. (5) 


The energy necessary to charge the sun to so 
high a value is 


E= iy QdQ rss Qi eS Ver 
~<a oe 


= 5 X 10" ergs, (6) 


approximately—as much energy as the entire 
sun radiates in 1,000 years. 

Under certain conditions, an_ electrically 
charged sphere may become unstable. As 
Lindemann showed many years ago, instability 
occurs when the electrical repulsion upon an ion 
(or electron) just equals the gravitational attrac- 
tion. If eis the charge on the ion and if m is its 
mass, the condition so expressed is: 
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From (2) we get: 


M 1m 


V,; = 300G - (8) 


er; 
For the sun, with m = 1.66 X 10-*4, the mass of 


a proton, and e = 4.77 X 10-'®. Hence 


V, = 1800 volts. 


This value is 5 X 10" times smaller than the 
voltage required by (5) to produce the electrical 
effects required by Velikovsky’s theory. 

A planet or sun charged to the potential 
demanded by equation (5) would be violently 
unstable. The charge would dissipate into the 
depths of the solar system in a lightning flash 
more violent and blinding than any described 
by Velikovsky. A positively charged sun, for 
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example, would have an excess of protons, a 
shortage of electrons. Each proton repels all 
other protons. The net resultant of the forces 
points radially away from the planet. A planet 
so highly charged would expel the excess protons 
in an instantaneous flash. The resultant blast 
would release energy equivalent to 10” atomic 
bombs—or one bomb for each pint of water in 
all the oceans of the world. 

There is no possible mechanism by which the 
sun can hold such a charge. Trying to put 
such an electric field on the sun resembles trying 
to hold back the entire mass of water in Lake 
Mead by a Boulder Dam made of tissue paper 
sheets. The theories on magnetic forces fare 
no better. This argument constitutes a quanti- 
tative refutation of Velikovsky’s wild hypothesis. 











DOWSING—AN UNORTHODOX METHOD OF LOCATING UNDERGROUND WATER 
SUPPLIES OR AN INTERESTING FACET OF THE HUMAN MIND 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist, New York 


(Read A pril 24, 1952, in the Symposium on Some Unorthodoxies of Modern Science) 


An historical résumé of Dowsing and a submis- 
sion of its principles. and accomplishments to the 
light of orthodox science would constitute such 
jousting with windmills as to make drab reading 
indeed. From the standpoint of listening, it could 
produce a quietude that would be broken only by 
those who snore. 

To consider dowsing in the light of its past two 
years of progress however constitutes an intriguing 
assignment. For a personage of unquestioned in- 
tegrity, intellectual honesty, and considerable com- 
petence in the field of writing has espoused this 
cause. He has searched out, taken to his bosom, 
and presswise proclaimed the remarkable abilities 
of the Chief of Dowsers, one Henry Gross of 
Kennebunkport, Maine. The proclaimer and 
chief advocate is Kenneth Roberts, who seems to 
have forsaken his forte, the historical novel, and 
is now devoting his time and energies to heralding 
the virtues of dowsing to all who will listen. 

In fact Mr. Roberts and Mr. Gross have formed 
a legal corporation' called Water Unlimited to 
“undertake explorations for subterranean or sub- 
jacent water, minerals, or other substances, to 
make demonstrations in the art of dowsing, to 
disseminate information and instruction in regard 
to the same,” etc. Indeed so strong is this breast- 
beating that one might even paraphrase the Islamic 
tenet of “Allah is Almighty and Mohammed is 
his Prophet” to “Henry is omnipotent and Ken- 
neth is his impresario.” 

From the standpoint of a waterworks engineer, 
this ready severing of the Gordian knot of geology, 
hydraulics, physics, and hydrology by a forked 
twig seems amazing. If factual, it constitutes a 
heretofore unsuspected short cut on the royal road 
to learning, and is an astounding metamorphosis of 
science into intuitive art. 

Lest I be accused of unjustifiably presenting 
conclusions before evidence, I hasten to state 
that I do not subscribe to the attitude of the old 


' Roberts, Kenneth, Henry Gross and his dowsing rod, 
300, Garden City, Doubleday & Co., 1951. 


country judge who opined that the prisoner would 
be given a fair and impartial trial, then hanged 
at sunrise. Science and scientists have been in 
error in the past and will continue to err in the 
future. The road of progress in science is by 
no means a super-highway running straight to- 
wards truth. The culs-de-sac are both legion and 
omnipresent. 

When a speculative hypothesis or an accepted 
principle of science is attacked, however, and an 
unorthodox point of view is vociferously set forth, 
we have a right in the name of common sense and 
reason to question the qualifications of the icon- 
oclast. An old tenet of law states that those who 
come to courts of equity must do so with clean 
hands. Likewise those who challenge qualified 
beliefs must have at least a working knowledge 
of the subject and of the principles upon which 
those beliefs are founded. Copernicus and Galileo 
did not attack their contemporary science with 
unclean hands or uninformed minds, and _ the 
modern connoisseur of fromage should receive 
scant hearing, if, without other qualifications or 
evidence, he proclaims the moon to be made of 
green cheese. Neither can we be impressed if 
normal effects, produced by normal causes, are 
considered by the uninformed or misinformed to be 
miraculous. The sight and sound of a radio or 
television to an aborigine in certain sections of 
Africa would constitute a miracle of the first order. 
But no amount of sincerity on his part could alter 
the fact that these miracles are capable of ready 
repetition—hence by definition could not be so 
classified. 

We cannot assume, however, that, because some 
new or unorthodox principle or thing has been set 
forth and is not currently accepted, it is either 
spurious, fallacious, or unimportant. The reluc- 
tant initial acceptance of manufactured ice, alumi- 
num, anaesthetics, stainless steel, and bacteriology, 
to name a few, all bear evidence to the contrary. 
Max Planck, whose findings are a milestone in nu- 


clear physics, battered his head so long against an 
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obdurate wall of scientific dogma that in his auto- 
biography * he wrote 


A new scientific truth does not triumph by con- 
vincing its opponents and making them see the light, 
but rather because its opponents eventually die, and 
a new generation grows up that is familiar with it. 


It is therefore with the utmost effort to remain 
intellectually honest, impartial, unbiased, fair, and 
humble that I shall attempt to-set forth some of the 
principles of dowsing, and subject them to the 
light of reason and currently accepted science. 
The personalities of Messrs. Roberts and Gross 
are injected only because there are no others in 
America with whom seriously to joust. And Mr. 
Roberts’ book Henry Gross and His Dowsing Rod 
seems to furnish recorded evidence of the making 
of a dowser; the astounding results achieved by 
the use of a forked twig by those so ordained ; and 
lastly, some implications of the factors involved 
in the making of a true believer. 

The intransitive verb “dowse” is defined by 
Funk & Wagnalls New College Standard Diction- 
ary as: “To search for water, minerals, etc., with 
a dowsing rod”; a dowsing rod is defined as a 
“divining rod”; and a divining rod as a “forked 
twig, usually of witch-hazel, held by the tips and 
believed to bend downward when carried over 
unrevealed sources of water, mineral deposits, etc. ; 
so called for its assumed supernatural power.” 
Unfortunately the lexicographer in using the word 
believed, does not state by whom; and the word 
assumed (when referring to supernatural power), 
is likewise left high and dry without tying down 
a soul or group of souls who subscribe to so in- 
teresting a deviation from accepted practice. 
Surely he was not referring to waterworks engi- 
neers and geologists, in whose domain one would 
naturally consider the development of underground 
water supplies to be a part. Yet dowsing there 
has been from time immemorial and dowsing there 
will be past times foreseeable—of that I feel posi- 
tive. For although both the word and the subject 
matter are unfamiliar to most persons, there is 
hardly an individual who cannot recall some im- 
plications of the word, or trace back in early youth 
some tale of an old wife, told by an old wife, 
wherein the word and its implications formed an 
impression that was forever to remain an impres- 
sion—an invitation to the credulous as well as the 
erudite to gratify what seems to be an innate 





2 Planck, Max, Scientific autobiography, 33-34, N. Y., 
Philosophical Library, 1949. 
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desire to believe—to believe hopefully in the im- 
probable even though it be carried to a point of 
mild mysticism. 

Let us briefly consider some of the claims Mr. 
Roberts makes for Henry, note the rapid rise of 
Mr. Roberts’ book to the best selling list, and 
record the reactions to these amazing feats by re- 
viewers for some of our better and more conserva- 
tive publications. 

[ shall pass over with little comment Mr. 
Roberts’ statements that Henry, at least on one 
occasion, spotted the exact location of persons 
concealed from view;* accurately predicted the 
maximum depth of pond or bay waters with which 
he was unfamiliar; * located a coin thrown back- 
ward into concealing grass,°® and differentiated be- 
tween rye whiskey, gin, scotch whiskey, or fine 
pot still whiskey, etc.® without tasting, or reading 
the label. Even Mr. Roberts is not too sure of a 
ready repetition of these seemingly extra-sensory 
feats, for he warns * 


No dowser is aware of the extent 
powers, except as 
streams or water 


of his own 
underground water 
veins in their natural state. 
Henry’s rod, for example, will answer any question 
he chooses. to ask it—Is there underground water 
on the planet Mars? How many hornpout are there 
in Rocky Pasture’s Long Pond? Will it rain next 
Saturday? Will there be war with Russia within 
the year? Will the Red Sox win 
League pennant? 


concerns 


the American 


The rod’s answer to such questions may be right 
and may be wrong—unlike the rod’s replies to ques- 
tions concerning water. By asking the rod to branch 
away from water, to which it is accustomed, and to 
speak authoritatively on unpredictable things, far 
removed from the rod’s true use, a dowser is inviting 
disaster .... 


Henry’s dowsing proclivities are well summed 
up by Mr. Roberts in his admonishing advice * 


At finding water you have never failed; you have 
a peculiar affinity for water; with uncanny accuracy 
your rod tells you where water veins may be found 
on any piece of property, far or near; tells you with 


almost complete certainty the quantity of water run- 


ning through a vein; only occasionally is uncertain 
as to the depth of the vein below the surface. 
fore, stick to water. 


There- 


3 Roberts, Kenneth, Henry Gross and his dowsing rod, 
97, Garden City, Doubleday & Co., 1951. 

4 Tbid., 106-178. 

5 [bid., 177. 

6 Tbid., 64 and 83. 

7 [bid., 79. 

8 [bid., 271. 
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Mr. Roberts seems unwilling to have Henry 
queried or tested on extrasensory subjects readily 
verifiable—such as “Will A. T. & T. 


stock rise or fall next month 


common 
and if so, how 
much?” or “How will the fifth race come out at 
Jamaica on Saturday?” We have a legitimate 
right therefore to inquire whether Mr. Roberts can 
render a qualified opinion on Henry’s abilities as 
an underground water locater, and to inquire what 
criteria either he or Henry employs in judging 
the chemical and bacteriological characteristics of 
potable water supplies. 





Apparently such amazing feats as locating un- 
derground waters, ascertaining their chemical and 
bacteriological characteristics, and the rate of flow 
of such “underground streams” by means of query- 
ing a forked twig—without recourse to geological 
considerations, analytical procedures, and flow 
measurements, seem quite possible to the review- 
ers of our better periodicals. The science of water 
supply, involving geology, hydrology, hydraulics, 
chemistry, bacteriology and fundamental physics, 
has either fallen into rank disrepute or else has 
not risen above the quagmire of ignorance and 
mysticism which characterized the early days of 
practically all the sciences. Or is it just possible 
that belief in such unorthodox principles by our 
book reviewers and countless others, many of 
whom are highly educated along scientific lines, 
constitutes a striking example of an attitude—a 
desire to believe the incredible—which is genetic- 
ally inherent to the human race? Or instead of 
being genetically inherent, is it possible that this is 
an induced psychosis of recent or ancient origin? 
Have we also had Lysenkoists within our midst, 
sowing their false postulates and preaching their 
pseudo science and untenable philosophy? The 
attitude of believing the incredible is not new, and 
not many generations have passed since witch- 
burning was practiced in New England. Is it 
possible that mankind has become so confused 
by and with ethnic or religious mores that the 
desire to believe the incredible is now ingrained 
to the exclusion, in some, of the desire to be- 
lieve the rational and the logical? At least Al- 
bert Schweitzer seems to feel that man’s confusion 
by the varying religious dogma of theology has 
mitigated against his true acceptance of the highly 
ethical and logical principles of Jesus. And the 
preposterous theory of a Master Race was con- 
ceived, promulgated, adopted, and completely dis- 
proved within a span of some twenty years. 

To illustrate this desire to believe—even the 
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incredible—by intelligent and honest persons, let 
us briefly quote a few of the book reviews which 
undoubtedly helped in placing Mr. Roberts’ book 
on the New York Times best-selling list. 

To quote the Atlantic Review ® by Mr. Edward 
Weeks : 


From Biddeford, in 1949, he [Henry Gross] found 
[by dowsing from a distance of 800 miles] a per- 
manent, unlimited water supply in Bermuda, while 
geologists steadfastly maintained that there was no 
uncontaminated fresh water anywhere on the island; 

Henry Gross’ incredible adventures with the 
dowsing rod are exciting reading, and Kenneth 
Roberts has made them wonderfully persuasive. 


Apparently Mr. Weeks was on his way to “be- 
coming persuaded.” It is interesting to note 
however that his ebulience led him to classify a 
water supply as being unlimited when it would 
serve only a very small town in the United States 
with a population of say one or two thousand. 

To quote the New York Times Review by 
Samuel Williamson : '° 


. the Kennebunkport novelist is pretty convincing 
even when describing events that make chins drop 
in astonishment, and his belief is shared by a friend, 
Horace Levinson, whose scientific attainments in- 
clude a committee chairmanship with the National 
Research Council. Kenneth Roberts is an accurate 
reporter. In all historical researches, he has been a 
meticulous digger for fact. 
questioned. 


His veracity cannot be 


Mr. Williamson seems “pretty convinced” even 
if his chin did drop. Mr. Roberts’ innate veracity 
(if this be defined as fundamental honesty) can- 
not be questioned, but anyone informed on water 
supply (which Mr. Roberts, Mr. Williamson, and 
Dr. Levinson give not evidence of being) can ser- 
iously question Mr. Roberts’ ability to differen- 
tiate the normal from the miraculous in water- 
works engineering or to “dig for facts’? without 
the spade of at least a cursory knowledge of the 
science of water supply. 

To quote Harper's 
Jackson : *! 


Review by Katherine 


But the fascinating part is Mr. Roberts’ evidence, 
piled on evidence, of the skill and accuracy of Henry 
Gross’ dowsing rod .. . and they are all a matter of 
record . . . what these successes could mean to our 


Italics in this and subsequent quotations are mine. 

10 Williamson, Samuel, The New York Times Book 
Review, January 7, 1951. 

11 Jackson, Katherine, Harper’s Magazine, March, 1951. 
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drought-stricken community would seem to be simply 
a matter of having faith and putting Henry to work. 
One vote of confidence is here registered. 


Apparently Miss Jackson became a rather enthusi- 
astic believer with one application. Unfortunately 
however, indications are that the combined yield of 
all the wells dowsed in America would be insuff- 
cient for say the requirements of even one moder- 
ately large paper mill. Miss Jackson’s faith is to 
be commended but her concept of water require- 
ments for municipal and industrial use are sadly 
at variance with fact. 

Since all of these reviewers are intelligent per- 
sons, it seems that each must have innately pos- 
sessed the desire to believe the incredible, for 
certain feats of Henry Gross must seem incredible 
even to the layman. 

The desire to believe in dowsing, however, is 
not confined solely to the layman. Today we 
live in an age which marks tremendous strides in 
medicine, particularly in the discovery and manu- 
facture of antibiotics. In the preparation of these 
compounds we would be appalled to think of our 
foremost manufacturing chemists tripping the 
light fantastic toe around a bubbling caldron 
(as did the witches in Macbeth), tossing in the 
various ingredients, and chanting 


Double, double toil and trouble; 
Fire burn, and caldron bubble. 
Fillet of a fenny snake, 

In the caldron boil and bake; 

Eye of newt, and toe of frog, 
Wool of bat, and tongue of dog, 
For a charm of powerful trouble, 
Like a hell-broth boil and bubble. 


It is factual however that a few high officials 
connected with outstanding chemical and pharma- 
ceutical companies have subscribed to dowsing as 
a method of locating either personal or industrial 
water supplies. In one instance a highly scientific 
pharmaceutical company had two twelve-inch wells 
drilled into six hundred feet of impervious rock 
at the instigation of a dowser, who predicted a 
yield of five hundred gallons per minute each. 
The actual yield turned out to be about ten gallons 
per minute each; and when later consulted, a 
geologist advised the company that the low yields 
could have been readily predicted, based only on 
a general knowledge of rock formations in the 
vicinity of the wells. 

Dowsers are generally successful where a yield 
of only a few gallons per minute is required, such 
as for household or small estate usage; though no 
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more or less so than any person with a reasonable 
knowledge of the flow of underground water. 
When dowsers attempt to locate water supplies 
where requirements are hundreds to thousands of 
gallons per minute, however, the story is quite 
different. A few examples will suffice. 

A New York geologist was recently called to 
South America regarding a water supply for a 
large brewery. Upon arrival, he found more than 
a dozen wells drilled relatively close together in 
shattered rock formation. Each of these had been 
located by a dowser, who incidentally employed a 
chrome-plated Y-shaped tube which he carried 
in a zipper-closing pouch. (This undoubtedly 
represents the epitome of modern dowsing, and 
seems figuratively quite comparable to a_nickel- 
plated witch’s caldron.) The dowser had pre- 
dicted the yield of each well, and upon the installa- 
tion of temporary pumping equipment, his pre- 
dictions were found to be reasonably accurate. 
It was only after complete development of this 
well-field however that the owner installed per- 
manent pumps, and instead of pumping the wells 
singly, put all units in service. He was amazed 
to find that the aggregate yield of all wells was 
less than a quarter of the combined yield indicated 
by test pumping the individual wells during devel- 
opment. Apparently both the owner and the 
dowser were unaware of a highly fundamental 
aspect known technically as “interference,” and 
were totally oblivious to “drawdown” and _ the 
“cone of influence.” The yield of the shattered 
rock was limited, whether three or thirty wells 
were drilled. 

The following are a few case histories supplied 
by a New Jersey geologist. Near Sparta a six- 
inch well, spo‘ted by dowsers at a point sup- 
posedly where two “underground streams” came 
together, was carried to a depth of 180 feet and 
yielded only seven gallons per minute. Later 
another driller installed a well at random in the 
general vicinity, which yielded forty-five gallons 
per minute, although this well was carried to a 
depth of only forty-five feet. Apparently the 
great gods of probability had favored the second 
driller, rather than the dowser. 

A certain borough in Pennsylvania employed a 
water dowser to spot a well who used a mysterious 
black box instead of a forked twig. The dowser 
predicted a yield of two hundred gallons per min- 
ute at a depth of about two hundred feet. The 
actual yield was twelve gallons per minute and the 
final depth 610 feet. 
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A large industry in New Jersey employed a 
dowser to select drilling sites for wells on its 
property. The dowser chose six sites, and for 
the first two, predicted depths of three hundred 
and two hundred feet and yields of six hundred and 
four hundred gallons per minute respectively. 
The first two wells were drilled to, and consider- 
ably past, the predicted depths, but yielded only 
about sixty gallons per minute each. 

An individual at Princeton employed a dowser 
who guaranteed his site to produce thirty gallons 
per minute with a well driven to seventy-five feet. 
At that depth the yield amounted to one-and-one- 
half gallons per minute, and the well was 
abandoned. 

In August 1949 the Canadian press '* reported 
the results of scientific tests of New Zealand 
dowsers by Dr. P. A. Ongley of the Medical 
School of Otago University. Dr. Ongley declared 
that not one showed the slightest accuracy in any 
branch of divination. The diviners ranged in 
ages from five to eighty years, and included clergy- 
men, teachers, nurses, farmers, mechanics, mill 
hands, laborers, housewives, land agents, elec- 
tricians, and grocers. Among the more spectacu- 
lar failures, seven diviners made nineteen diag- 
noses of a healthy man, and ostensibly noted 
twenty-five ailments. In one instance, varicose 
veins were diagnosed in a man’s wooden leg. Ap- 
parently the New Zealand dowsers would have 
been much less embarrassed (not less frustrated— 
for it seems impossible ever to frustrate either a 
dowser or a true believer) if they had heeded Mr. 
Roberts’ admonition to “stick to water.” 

Let’s critically and objectively appraise Henry 
Gross the dowser, and note the influences which 
have been brought to bear that would tend to make 
him proficient in the field of underground water 
location, as well as those which would tend to 
make him believe that he possessed powers which 
seem highly extra-sensory. Mr. Roberts’ book 
appears to contain the answers. 

Henry was born in Massachusetts, and from 
early youth spent much time afield. He knew 
the habits of the trout and the woodcock, and Mr. 
Roberts states that these were matters of supreme 
interest. I know of no better training for a 
budding hydrologist than following the streams 
and noting the watersheds, dikes, springs, sand 
and gravel formations and the outcropping rock 
ledges. Let Mr. Roberts carry the narrative: 





12 The New York Times, August 30, 1949. 
‘8 Roberts, Kenneth, Henry Gross and his dowsing 
rod, 53-54, Garden City, Doubleday & Co., 1951. 
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One of Henry’s friends, when he was a boy of 
twelve, was a North Salem stone-mason, John Dustin, 
who was all of eighty. Henry was walking through 
the woods with John Dustin one day when John cut 
a Y-shaped stick from a wild apple tree, carefully 
trimmed off the spurs, grasped it peculiarly and 
sprung it upward. 

Henry asked him what he was doing and Dustin 
said that this looked to him like a very good place for 
a spring, and he wondered if there was a water vein 
at hand. Eventually the stick bent downward with 
some violence, and Dustin ground his heel into the 
earth and said, “Yes, there’s a vein of water right 
under here.” 

This seemed no more startling to Henry than 
tickling a trout or tracking down a bee tree; but since 
he had never happened to see anything like it before, 
he asked Dustin whether he could try that. stick. 
Dustin handed it to him, and when Henry held it as 
Dustin had held it and walked over the spot where 
Dustin had made the heel-mark, the rod turned 


downward in his hands with a force that made him 
blink. 


There is no twelve-year-old who would not have 
been impressed. It would seem therefore that old 
John Dustin contributed appreciably towards the 
making of Henry Gross, the dowser, as contrasted 
with perhaps a more normal but less dramatic 
sequence of events which might have developed as 
an end product, Henry Gross, the accomplished 
spotter of dug wells. The twig was bent in the 
role of “dowser” however, and ever thereafter, the 
tree was so inclined. 

Henry moved to Biddeford, Maine, when he 
was eighteen, and there achieved early success in 
locating a well for a neighbor. News of his 
dowsing facilities spread rapidly, and to quote 
Mr. Roberts: ™* 


Thereafter more people asked Henry for advice 
on well-digging than he could shake a stick at.... 
In fact, by the time he had been a game warden for 
ten years, he had, in effect, made an avocation of 
water dowsing .... 


I know of no better practical training in the 
ground-water supply field than an outdoor life, 
with the location of springs and wells as a side 
line. I am sure that there is no waterworks 
engineer or geologist who would not profit by 
Henry’s knowledge and advice if he was ever 
called upon to develop a small water supply in the 
Kennebunkport area. I am not trying to spike 
Mr. Roberts’ guns. These are factual statements 
that are freely conceded by competent engineers 


14 [hid., 56. 
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and geologists. Henry’s work continues to be 
successful by all accounts. And, forgetting for 
the time his employment of a dowsing rod, his 
procedures and deductions in locating simple dug 
wells seem logical and in accord with the best 
waterworks practice. 

But for the gods of fate, Henry might have lived, 
moved, and had his being as a simple dowser, re- 
ceiving the accolade of the country folk, and grind- 
ing his heel into well known and well traversed 
terrain, muttering, as did his predecessor, “Yes, 
there’s a vein of water right under here.” This 
simple life was not to be, owing, one might suspect, 
to the external pressure brought to bear by a then 
budding true-believer, Mr. Kenneth Roberts of 
Kennebunkport, Maine. Before their meeting, 
Henry was simply spotting the proper location 
of dug (and very occasionally drilled) wells, and 
his procedures were in order, except for the 
minor point that dug wells are not generally fa- 
vored by waterworks engineers, owing to their 
high degree of susceptibility to surface pollution. 
He was making no dogmatic predictions as to 
depth, yield, or chemical and bacteriological qual- 
ity ; and he had propounded no new theories as to 
the origin of sources of supply. 
sticking to those 


He seemed to be 
“green-grass areas’ which re- 
mained verdant, even during drought periods; 
and to the sand, gravel and shell formations which 
are pervious and water-bearing if fed by a drainage 
area of appreciable size. 

[It was not until 1947 that Mr. Roberts, who 
had himself been delving in dowsing for a period 
of some nine years, summoned Henry and threw 
down the gauntlet. By this time Henry’s suc- 
cesses in locating underground water had without 
doubt qualified him as a professional, rather than 
an amateur dowser. His regard for amateurs 
was undoubtedly comparable to that which a pro- 
fessional ball player feels towards the sand-lot or 
bush-league tyros; or for that matter a well-sea- 
soned hunting dog feels towards even a_ well 
blooded pup during his first season afield. 
let Mr. Roberts carry the narrative: 


Again 


When I explained all this to Henry and told him 
that I thought of drilling at a spot located by 
amateur dowsers, | thought I saw a gleam of skeptic- 
ism in his eye. J pointed out to him coldly that I 
already had nine springs, all located by dowsers, and 
that since those nine were flowing, there was no 
reason why amateur dowsers shouldn’t be equally 
successfully in finding a water supply for me. “You 
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may think this dowsing stuff is a lot of baloney, I 
told him, but I know it isn’t.” 

Henry agreed amiably He added, however, 
that some dowsers were better than others, because 
the rods of some dowsers unfortunately worked on 
seepage water; water that had seeped out of veins to 
form damp deposits that weren’t water flows at all. 
When a dowser was inexperienced, he said, it was 
always a good idea to check up on him; for an in- 
experienced dowser, like a bad cook, could easily make 
a mess of things he tried to do. 

Then, to my surprise, he cut a slender, Y-shaped 
crotch from the young shoots at the base of a maple 
stump. “I’m fifty-two years old,” he said, “and I’ve 
been locating water since I was twelve and found my 
first vein for the schoolhouse where | was going to 
school. Let’s see the place where these amateur 
dowsers think there might be water.” 


It seems therefore that Henry accepted the 
challenge, picked up the gauntlet, and mildly but 
firmly slapped Mr. Roberts across the cheek with 
it. Mr. Roberts’ taunting of Henry evidently 
produced the desired reaction, for Henry quickly 
demonstrated the difference between amateur and 
professional dowsing to the evident delight of Mr. 
Roberts, who opined : * 


For a matter of nine years I had watched dowsers, 
some of them dependable and some of them not so 
dependable, perform on my farm; but | had never 
seen anything remotely approaching the speed with 
which Henry’s rod picked up and traced a set of 
three veins that came together in a low spot halfway 
between the ancient ice pond and my home. The 
first vein on which he stumbled pursued an erratic 
course to the shore of a duck pond. By leaning over 
the pond, Henry’s rod told him that it flowed under 
the pond. He rounded the pond, picked up the vein 
on the other side and traced it to a spot that had al- 
ways, during normal seasons, hampered our farm 
equipment because of its sogginess. 


After this initial success on the part of both the 
dowser and the true-believer, Mr. Roberts .con- 
tinued in a manner which some might consider 
still to be taunting : ' 


“How deep are those veins, Henry?” I asked. 

“IT can’t be sure,” he said. “I’ve heard there’s a 
way to tell depth, but I never found out what it was. 
I can only guess at it, basing my guess on the strength 
of the rod’s pull. I'd say that maybe they’re five or 
six feet underground.” 

“Of course,” I ventured, “there’s no way of telling 
how much water runs through ‘em.’ 


16 [hid., 45-46. 
17 [bid., 46. 
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“By gory” Henry said, “I wish there was! There’s 
a lot, though, because I get a good pull, and this 
is the worst drought we've had for years.” 


As a dowsing enthusiast and a true-believer, 
Mr. Roberts had undoubtedly collected a great 
deal of material on dowsers and modern methods 
of dowsing. From this advantageous standpoint 
he was therefore able to put Henry squarely on the 
which he did without further ado. I 


18 


spot, 


quote : 


It was while we were fussing over those first two 
veins that / took up with Henry the matter of finding 
the depth of a vein. J argued that no dowser was 
truly valuable unless he was able to tell accurately 
a vein's depth and that in addition he should be able 
to tell the amount of water running through it. 
Henry agreed that this was so but he said that he 
didn’t know how it could be done. 


Mr. Roberts then promptly (and no doubt 
somewhat condescendingly ) proceeded to school 
Henry in modern dowsing methods for determin- 
ing both depth and flow. Henry was an apt pupil 
and it wasn’t long before he was predicting the 
depths of veins to the nearest foot and sometimes 
the inch, and rate of flow to the nearest gallon 
and oftentimes the quart. This degree of exacti- 
tude, it may be noted, far surpasses that which 
could be certified to by any qualified engineer in 
the country, even after running exhaustive flow 
tests with our most exact measuring devices. The 
rate of flow of underground waters is a function 
of drawdown of water surface within the aquafer. 
Thus a well may yield a hundred gallons per min- 
ute with a drawdown (from static level) of say 
two feet, and almost double this at a drawdown 
of four feet. ‘The yield of wells is therefore point- 
less without including drawdown, and both yield 
and drawdown will vary seasonally with the rate 
of pumping, height of water table, etc. Neither 
Mr. Roberts nor Henry gives any indication what- 
soever of any remote knowledge of these factual 
hydraulic conditions. 

It seems as though Mr. Roberts ard Henry 
were engaged in what might be termed a friendly 
battle of “dowsing poker,” with the blue chips 
flying high, wide, and handsome at times. Upon 
the placement of a sizable bet by Mr. Roberts, 
Henry, instead of calling his hend, would often 
make a sizable raise in the ante. After having 
mastered the ability to predict depth and rate of 
flow, it wasn’t long before Henry was predicting 
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chemical and bacteriological quality and opining 
whether the water was “good” or “bad.” He 
definitely raised Mr. Roberts’ bet, raised the hair 
on many a hydrologist’s head and confounded Sir 
Isaac Newton when he came up with the follow- 
ing :'° 


He (Henry) had learned other things during the 
winter. Instead of walking over veins in order to 
find out the direction from which they came and the 
route they followed, he only needed to find the nearest 
vein, ask his rod the distance from the spot where he 
stood to the vein; then ask whether the vein was 
flowing one hundred yards from the nearest spot: 
two hundred yards from the nearest spot: three hun- 
dred yards from the nearest spot, and so on. 

As an. offshoot of this discovery, he found that a 
water vein wasn’t, as we had always supposed, an 
underground trickling of water that had its origin 
in a far-off river, lake or pond. In tracing veins, 
Henry found that all of them originated in a single 
spout of water, rising from deep underground. Henry 
called this central spout a dome or pipe of water. 
These domes, always, are on high land—on moun- 
tain slopes, even, rather than on lowlands. 


Thereafter Henry continued to push the blue 
chips forward, and Mr. Roberts, as the instigator 
of this “dowsing poker,” had little choice but to 
plank down the chips and keep the game going. 
With such a receptive and flattering audience, and 
with such encouragement to flaunt the ego, it is 
little wonder that Henry continued to press his 
advantage. Mr. Roberts narrates: *° 


Probably the most important discovery Henry had 
recently made was that he had the ability to dowse 
a locality or a piece of property for veins of water 
without any information except the name of the 
ocality, or the name of the person who owned the 
property My mind seemed incapable of ab- 
sorbing the tremendous significance of this discovery 

My various experiences with Henry on 
dowsing jobs had long since proved to me that his 
reports never deviated in any way from the truth 

I could only think that if a water dome, its 
rate of flow, its qualities of drinkableness, could 
affect a dowser at a distance of a mile, why couldn’t 
it do the same at a distance of twenty miles, or two 
hundred miles, or two thousand miles—or half way 
around the earth, for that matter. 


Thus Mr. Roberts pushed in a handful of his 
remaining blue chips and Henry was again on the 
spot really to perform some long-distance dowsing. 
This he did while comfortably ensconced at Ken- 


19 Thid., 98. 
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neth Roberts’ bar on the night of October 22, 1949, 
where he spotted a number of wells in Bermuda. 
And as if to show that this was merely elementary, 
he later topped it off by holding his rod over a 
map of North Africa and dowsing the Sahara 
Desert. 

I have no doubt that moderately non-saline and 
“drinkable” water can be withdrawn from many 
locations in Bermuda, provided the rate of pump- 
age and overall withdrawal are kept relatively 
low. I also have no doubt whatsoever that such 
yields are decidedly limited and that overpumpage 
would result in a “salting” of the wells, as is 
currently found in certain sections of Long Island. 

I will not go into a discussion of sources of 
water supply other than to state that all water col- 
lects as moisture vapor in cloud formations due 
to evaporation principally from the oceans; that 
this moisture is precipitated on land surfaces as 
rain, snow, sleet, etc. ; that part of this precipitation 
runs-off immediately into brooks and rivers, and 
eventually to the oceans and seas; that another 
(and oftentimes about equal) amount sinks into 
or through the soil to impervious bedrock; that 
by means of wells we may tap this underground 
seepage, either in low-lying sand and gravel for- 
mations or in pervious or shattered rock, and with- 
draw it before it has completed its ultimate tra- 
verse to the oceans or seas; that the amount of 
ground water which can be withdrawn is a direct 
function of rainfall, size of drainage area, nature 
of the overburden and nature and amount of the 
pervious strata which holds the water. All wells 
produce an amount of underground water which 
is strictly compatible with the above listed factors. 

The sciences of hydrology, hydraulics, and geol- 
ogy, as applied to ground waters, are relatively 
well developed, and will not be greatly improved 
in the years to come. There is an infinite amount 
which we do not know, however, of the location, 
size, extent, and character of underground rock 
valleys and underground aquifiers. But the ac- 
quisition of this knowledge seems to be a matter of 
devising some cheaper method of drilling holes 
through the overburden to bedrock; or further 
developing and simplifying our present geophysical 
methods of underground exploration. 

Henry Gross’ location of simple dug wells is not 
astounding or amazing, except to those who wish 
to be amazed by treating the commonplace as 
miraculous. His predictions of yield and quality 
cannot be taken too seriously since Mr. Roberts 
gives no indication whatsoever of being even 
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remotely qualified to judge either yield or quality. 
The terms “good” or “bad” when describing qual- 
ity or “midway between soft and hard” when 
deciding hardness, are perfectly meaningless with- 
out a statement of alkalinity, carbon dioxide, pH, 
chlorides, iron, manganese, nitrites, nitrates, and 
the calcium, magnesium, and sodium contents, etc. 
—which criteria seem Greek to both Henry and 
Mr. Roberts. And the fact remains that quanti- 
ties of water adequate for large urban populations 
or heavy water-consuming industries, such as pa- 
per mills, must always be derived from rivers, 
lakes, ponds, dammed reservoirs or from large 
deposits of sand and gravel such as those on Long 
Island. These deposits in reality constitute both 
catchment areas and underground reservoirs, and 
in such locations there are no “veins” of water for 
the dowser to follow. 

Mr. Roberts’ (and possibly Henry Gross’) con- 
cept of the flow of underground water is sadly at 
variance with fact. Mr. Roberts states * 


. he found that a water vein wasn’t, as we had 
always supposed, an underground trickle of water that 
had its origin in a far off river, lake or pond. 


Without any remote question of a doubt, unless 
we disregard all laws of gravitation and are totally 
oblivious to every topographic map ever made 
showing the location of rivers, lakes and ponds— 
water flows through the soil and above pervious 
rock to these free water surfaces rather than from 
them. Henry’s theory of domes, possibly con- 
jectured from the oil fields where domes definitely 
exist (they impound liquid and gas formed mil- 
lions of years ago and are totally unrelated to rain- 
fall and runoff which are repetitive and cyclic in 
nature), is wholly without substantiation. As for 
the major sources of underground water being 
located on high lands rather than low lands, one 
need only enumerate the municipal and industrial 
well supplies which without doubt are principally 
located in river valleys. 

I cannot therefore take dowsing too seriously, 
or feel that, even if developed to factuality, it 
could be a real aid in solving our overall water 
problems. Neither do I seek to slay the minor 
dragons or lay the harmless ghosts of dowsing. 
They are innocuous, and the men of John Dustin’s 
and Henry Gross’ type are often an asset rather 
than a liability to the community. They are the 
“salt of the earth” and moreoften represent the 
pioneer type of woodsman whose efforts played 
no small part in founding the Colonies that now 
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constitute a part of these United States. I would 
not shoot Santa Claus, neither would I sell him 
short. 

In an age of skepticism when man’s security 
seems at its lowest ebb, with national budgets dan- 
gerously swollen to supply the needs of war, with 
groups of nations pitted against groups of nations, 
he simple creed “I believe” is refreshing—even if 
applied to dowsing. This “will to believe,” even 
the incredible, seems inherent to mankind. Let 
us hope therefore that our philosophers may instill 
in man a further will to believe’”—to believe that 
although his species seem somewhat an improvi- 
dent form of higher animal which has unwittingly 
overpopulated his globe and thoughtlessly plun- 
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dered his planet; to believe that though an animal 
that kills, not for meat but for greed, and for 
causes that are illy defined even within his own 
mind—to believe that even in this confused state, 
his present attitudes and mores can still be rele- 
gated and channeled along constructive lines to 
the end that the day will eventually come when 
Schweitzer’s theory of “reverence for life” will 
supersede the present doctrines of war and hate. 

If the millennium is still distant when ‘the lamb 
and the lion shall le down together,” let us trust 
that man’s simple belief in the dignity of mankind 
will permit him to rest more comfortably in future 
years—even if he is ethnically and politically 
forced to lie in separate pastures. 
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THE VALIDATION OF SCIENTIFIC BELIEF 





A Conspectus of the Symposium 


EDWIN G. BORING 


Professor of Psychology, Harvard University 


(Read April 24, 1952, in the Symposium on Some Unorthodoxies of Modern Science) 


IF we are to get clear about these unorthodoxies 
in science, we must realize that there are different 
kinds of truth. Absolute truth itself is not avail- 
able to science. There is no one to tell science 
when it is right and when wrong. Posterity 
speaks pretty positively about the science of any 
earlier date, yet even it remains subject to later 
correction by posterity. Scientific 
truth is thus usually truth by agreement, a social 
kind of truth. This sort of truth is simply belief 
or acceptance. When everyone agrees, then there 
is no dissent and orthodoxy is for the time being 
universal. Dr. Cohen has shown how heterodoxy 
can change to orthodoxy and back again to hetero- 
doxy, as did astrology through the ages of science, 
and how a waning orthodoxy, like the belief in 
the indivisible atom, becomes heterodoxy when 
it reaches minority status. Our interest, of 
course, lies in those conflicts where a small hetero- 
doxy challenges a big orthodoxy, and two in- 
compatible truths find themselves in competition. 
Besides truth by agreement there is also practical 
truth, the truth that works. If Henry Gross can 
actually find you water, if ESP does actually help 
you with the stock market, if the next collision of 
two worlds turns out to have been correctly pre- 
dicted by Velikovsky, then you have got to take 
serious account of these new possibilities. 


posterity’s 


Success 
of this sort promotes agreement, but mostly the 
limited agreements which constitute the unortho- 
doxies with which we are concerned are nour- 
ished by other food than practical success. 

Let me begin, however, by inviting your atten- 
tion to the question of scientific bias, to the way 
in which opinion and prejudice and egoism intrude 
upon and influence scientific belief. They do in- 
trude, as all the contributors to this symposium 
have made so clear, and it is for this reason, say I, 
that to understand the history of scientific thought 
you need a psychologist at your elbow. 


UNCONSCIOUS BIAS 


What you face in the disagreements that grow 
up about the unorthodoxies is a conflict between 
sincerities. These conflicts between incompatible, 
staunchly held, sincere beliefs make up what we 
may call the little wars of science, little wars 
which, except for size and consequences, differ 
in pattern no whit from the big wars between na- 
tions or, for that matter, from the persecution of 
a religious minority by a majority. 

Herbert Butterfield, the historian, has just given 
us a vivid picture of the way in which bias and 
sincerity and intractability and emotion are inte- 
grated to form the representative pattern of poli- 
tical and religious conflict (3). Always you find, 
he says, “both sides anxious to avoid a war, but 
each desperately unsure about the intentions of 
the other party; each beset by the devils of fear 
and suspicion, therefore; and each side locked in 
its own system of self-righteousness.” Each side 
is convinced that the other is evil and has habit- 
ually been the author of recurrent aggression. 
So there you have, says Butterfield, “a grand 
dialectical jam of a kind that exasperates men— 
a terrible deadlock that makes ordinary human 
beings even a little more wilful than they ordi- 
narily are.” This is “the absolute predicament 
and the irreducible dilemma,” which could “pro- 
duce the greatest war in history without the inter- 
vention of any great criminals who might be out to 
do deliberate harm in the world” (3, 19). 

Butterfield uses the Royalists and the Round- 
heads and other great conflicts of the past to illus- 
trate his point that sincere, intelligent, well- 
intentioned men in conflict hold incompatible views 
firmly and resolutely and do not surrender them 
even around a conference table. Yet how, we 
may ask, is that possible? Do not sincerity and 
intelligence and good intentions guarantee agree- 
ment? No, they do not. The human ego is too 








1 Numbers in parentheses indicate references at end 
of article. 
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much in need of protection. Self-righteousness is 
its first line of defense, and he who is to assess 
bias truly must have no stake in the verdict beyond 
the preservation of his own objectivity. 

It is now almost twenty-five years since I under- 
took to discuss the psychology of psychologists’ 
controversies (1). I had asked myself: Is ego- 
istic bias so great that the truth must necessarily 
transcend the thinking of its own individual dis- 
coverer, being revealed only to the mature objec- 
tivity of posterity? Butterfield might have asked 
that question, since the historian is posterity. 
At any rate we all know how thoroughly the in- 
vestigator gets identified with his achievement and 
how hard it then becomes for him to criticize his 
own work or to accept criticism from others. 

One dramatic instance from the history of ex- 
perimental psychology—dramatic because it was 
reinforced by Teutonic acrimony—was the antiph- 
onal polemic in 1890-1892 between Wundt at 
Leipzig, often called the founder of experimental 
psychology, and Stumpf, then about to be called 
to Germany’s most important post at Berlin (1, 
107-111). They disagreed as to whether the psy- 
chological bisection of a tonal interval lies at the 
arithmetic mean of the limiting stimuli or at the 
geometric mean. The controversy raged through 
141 pages, six articles altogether, three apiece. 
It soon became personal, and each contender was 
to be found instructing the other as to how he 
could make of himself a better scientist. Was 
there any likelihood that the truth would emerge 
through the smoke of that battle? Fifty years 
later, however, posterity—mature, wise, judicious 
posterity—settled the issue. Both men were 
right—Stumpf for the high tones above 1500 eps, 
Wundt for the low tones (10, 343f.). Might 
Wundt have said in 1890: “But Stumpf is surely 
as intelligent and experienced as I. Both of us 
cannot be right. Should I not now examine my 
own position before I reaffirm it?” Hardly. 
Again and again the simple resolve to be objective 
yields to the unconscious need for defense of the 
ego. Wundt and Stumpf had got themselves into 
a little “absolute predicament,” a little “irreducible 
dilemma,” a small one of those “jams” where self- 
respect forbids compromise. We think at once 
of Dr. Cohen’s and Mr. Riddick’s citation of 
Max Planck: “new scientific truth does not tri- 
umph by convincing. its opponents and making 
them see the light but rather because its opponents 
eventually die’—as indeed did both Wundt and 
Stumpf before posterity’s research settled their 
feud. We, yesterday’s posterity, tend to deplore 
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that feud, yet we must remember that it was this 
same intractable enthusiasm that made Wundt and 
Stumpf leaders of the new psychology in Germany 
for three decades. 

These little wars can occur in any conceivable 
pattern of antagonistic relationships—between sci- 
entific schools, between groups with leaders, be- 
tween individuals. When the antagonists are 
closely matched, the controversy represents noth- 
ing more than part of the intellectual turbulence 
out of which truth is manufactured. For the un- 
orthodoxies and the cranks the battle is, however, 
unequal. A crank, by definition, is always in the 
minority. His views may presently be advanced 
to become an unorthodoxy when they are accepted 
by a large body of the laity, or by a notable number 
of scientists, or by a few scholars of distinction, 
or when the crank himself turns out to possess 
enough erudition or intellectual energy to continue 
an enthusiastic promotion of his views. 

ESP is no simple crankiness. Dr. Rhine is 
sincere. There isa Laboratory of Parapsychology 
at Duke University. Since 1937 the Journal of 
Parapsychology has continued, filled with a variety 
of researches by a variety of investigators. At 
least one past-president of the American Psycho- 
logical Association regards this research seriously 
and participates in it to some degree. There is 
great interest among the public. Among both 
scientists and the public there is also a large group 
who want mainly to see an underdog have fair 
play. Altogether ESP provides a perfect picture 
of an unorthodoxy. Orthodoxy, of course, raises 
various doubts and objections about ESP, too 
many for us to consider here. Dr. Kennedy 
points to one of them: experimental control needs 
to be more insulated from the enthusiasm of the 
investigators than it usually is in ESP. Yet Dr. 
Kennedy warns without annihilating. An en- 
thusiast could be right for all his enthusiasm. 

Then there is Velikovsky. He is nearer cranki- 
ness than unorthodoxy; yet his book created a 
great stir. He had the support of one distin- 
guished philosopher and of many competent news- 
paper editors—competent as editors but not as 
scientists. His erudition is quite sufficient to 
confuse and impress the public, although not Dr. 
Payne-Gaposchkin nor the orthodox astronomers. 
The vehemence of some of these latter may have 
even won Velikovsky converts, if it is indeed true 
that there is no such thing as bad publicity. 
Velikovsky also gains strength with a certain 
public because he supports a literal interpretation 
of the Bible in respect of those unusual natural 
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events which he accepts at the expense of orthodox 
physics, as Dr. Payne-Gaposchkin has made so 
clear. He has, however, no university laboratory, 
no special scientific journal running through the 
years, no great following. He is probably a nova 
and will soon fade to the dim status of an historical 
instance of the instability of an intense implausible 
conviction. 

Mr. Riddick did well to confine his discussion of 
dowsing to Henry Gross’ skills, for divining rods 
go back to classical times and the forked stick to 
the sixteenth century. This sort of power has 
been connected with animal magnetism, which in 
turn has been related to the influence of the planets 
upon the life of man. Britannica, in its article 
on the Divining Rod, has this to say, and it might 
indeed have been of Henry Gross: “The best 
dowsers have generally been more or less illiterate 
men, engaged in some humble occupation.” Cer- 
tainly Henry does not know how he exercises his 
powers. Neither did Mesmer in his use of animal 
magnetism, which served an uncomfortable sci- 
entific apprenticeship a full century long before 
it was admitted to orthodoxy under the nom de 
guerre hypnosis (2, 116-133). Henry’s following 
was notable but not large. At first it was simply 
Kenneth Roberts. Later it included Kenneth 
Roberts’ following. Mr. Riddick makes it quite 
clear how Mr. Roberts stimulated Henry into 
greater and greater feats, and I can only note 
that the greater the feat the less indication is there 
of the use of scientific method to validate the 
evidence. Dr. Kennedy’s advice to the parapsy- 
chologists could appropriately be passed on to Mr. 
Roberts, who needs to know when the seeker after 
truth must mistrust the effects of his own enthusi- 
asm and when it is in science that humility pays 
off. 

There is, of course, no mystery about Henry 
Gross’ powers. The forked stick snaps down 
with little muscular pressure, and muscular au- 
tomatisms are well understood. Henry, as Mr. 
Riddick makes clear, has good judgment about 
where to find water, and his muscles and the 
stick are his means of unconscious automatic com- 
munication, though he simply does not know what 
makes the stick move. That is quite correct, for 
it is one thing to think and another to know what 
it is that you think. Only a sophisticated man— 
and that is not all men—can make his own thinking 
the object of his further thinking. The best dow- 
sers, as Britannica seems to suggest, are those 
who can perceive water under the ground without 
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the distraction of perceiving how it is that they 
perceive it. 

There are many other unorthodoxies past and 
present. Some of them Mr. Martin Gardner has 
advertised in his paper called “The Hermit Sci- 
entist,”” a title which means that an enthusiasm 
for an unpopular belief can flourish best when its 
promoter has become partly inaceessible to the 
thinking of his colleagues (4). Best known 
among these other current unorthodoxies is L. 
Ron Hubbard’s therapy called dyanetics, which 
derives much of its appeal from the desire of men 
to reduce their own sufferings and worries (5). 
Not quite out of vogue yet is Dr. Bates, who claims 
that glasses injure eyesight and that perfect vision 
is to be gained by throwing your glasses away and 
allowing your eye-muscles to effect a correction in 
nature’s manner (6). We cannot, however, un- 
dertake here to inventory the better known ex- 
amples which show that self-assurance is not self- 
validating. 


THE SOCIAL NATURE OF TRUTH 

It has become quite clear by now, I hope, that 
functional, practical truth is social, the truth of 
agreement, and that absolute truth is actually not 
available in science. If everyone believes that the 
sun rises in the east and sets in the west, regularly, 
every day, why then that is simply the way it is— 
until some effective skeptical Velikovsky arises 
to challenge orthodoxy and gets a_ respectable 
following. 

Now who, it may be asked, does the agreeing? 
Obviously some in-group. An in-group is any 
group seen sympathetically from inside with re- 
gard to its attitudes and beliefs and their causes. 
An out-group is any other group which differs 
importantly from the in-group in a manner recog- 
nized by the in-group. The out-group is always 
seen critically as from within the in-group. The 
unbiased eye of history, extolled by Butterfield, 
keeps shifting its focus, making out-group into 
in-group, and conversely. 

_ If out-group opposition to the in-group is 
strong, then the in-group sets up barriers of 
prejudice against the out-group and unconscious 
bias reinforces these barriers. The out-group 
then responds with counterdefensive prejudice. 
Sometimes enthusiastic innovators, finding no stiff 
opposition, create a fictitious out-group, straw men 
against which they can fight, for a movement in 
science does not move without something to push 
against. By such positive feed-back are the little 
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absolute predicaments of science’s little wars built 
up. 

It is not hard to find good instances of the firm 
loyalties which hold an in-group together and keep 
the out-groups at a distance, but I doubt whether 
there is in science any better example than the 
in-group that centered upon the ideas and person 
of Sigmund Freud. It is from Hanns Sachs’ 
charming little life of Freud that you learn how 
tightly the constraints of loyalty were fixed within 
that group (9). Carl Jung never passed the loy- 
alty test and so was never fully admitted. Adler, 
the crown prince (and that is Sachs’ term), had 
to be banished for his treason about the Ego. 
Rank succeeded Adler, only to be banished in turn 
for his belief in the birth trauma. After World 
War I there were seven of them, six others to 
whom Freud gave rings resembling his own, so 
that they might not forget to stand together for the 
truth of psychoanalysis. Alas, Rank was one of 
But you see what an in- 
group is like, a staunch group of believers, pas- 
sionately sure they have the truth, in this case an 
unorthodoxy which, after the death of its intran- 
sigent leader and only then, is being assimilated 
into orthodoxy. 


those with the rings! 


In-groups often develop special languages, new 
systematic terms which begin as shop-talk or lab- 
oratory slang, and then, after etymological treat- 
ment, emerge as neologisms. The special jargon 
of psychoanalysis, that runs from the endopsychic 
censor of the early days to the Super-ego of the 
present, is a good example. And a special lang- 
uage promotes in-group solidarity and out-group 
ostracism. The priests can talk of special things 
because they know the words. These languages 
may truly help communication, even when they are 
promoted by the need for the feeling of solidarity 
within the group. The best test of their value is 
their survival. Some neologisms enter the lan- 
guage of science, whereas others are forgotten en- 
tirely. 


THE SCIENTIFIC CRITERIA OF BELIEF 


To say that agreement is the sanction for truth is 
really doing little more than to beg the question 
by saying that people believe what they accept. 
There is, however, an element of responsibility 
that enters in here, for agreement is not easy to get, 
and the agreement of wise men is harder to get, 
and the agreement of nearly all wise men even 
more difficult. Some truths are better than 
others, and we are asking about the criteria for 
scientific truth, the conditions for agreement in 
science. 
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On this matter there are three things to be said. 


(1) Scientific agreement means agreement by 
scientists, by the men best trained to interpret 
empirical evidence and to see the implications of 
a new theory for the invalidation or alteration of 
old theories. The approval of a new scientific 
theory by eminent philosophers, novelists, and 
newspaper editors is approval by inexpert wise 
men and does not count. Wisdom in one field 
does not always transfer to another. 

In this matter the public is at a disadvantage be- 
cause its attitude toward scientists is ambivalent. 
The public tends to respect science but to mistrust 
the scientist as an impractical academic. The very 
word academic has acquired an opprobrious mean- 
ing with the sense of “seemingly true but not 
really.” I have no remedy for this state of affairs 
which puts the public at a disadvantage in the ac- 
ceptance of scientific truth. Both Dr. Cohen and 
Dr. Payne-Gaposchkin have already made it amply 
clear that the traditionalism of the orthodox sci- 
entists, egoists though they be, justifies no such 
unfair verdict as the public often renders of them. 

The most important reason for rejecting the au- 
thority of the public and of untrained wise men 
is that they do not know how to evaluate empirical 
evidence. Not only are they likely to accept the 
report of a single instance without taking account 
of negative cases, but they also put too much re- 
liance on the printed word. Take the case of 
“The Astounding Jimmy Walker,” an instance to 
which Mr. Martin Gardner has called my atten- 
tion. 

In 1950 Jim Walker was demonstrating telep- 
athy on a radio program. To support his claim 
for genuineness he reproduced in a magazine two 
letters from a Dr. George McClenahan, Director 
of the Board of Research of the Department of 
Psychology of the University of Texas, letters 
written on a printed letter-head for this university 
department (11). Dr. McClenahan’s first letter 
was incredulous and skeptical and in it he chal- 
lenged Jim Walker to a test, but in his second let- 
ter he ate crow, coming out in full support of 
Jim Walker’s powers. Jim Walker, he wrote, 
had passed a crucial test, for he had called up Dr. 
McClenahan and named the five words which Dr. 
McClenahan had in his mind, all names of bones 
in the ankle. Could you ask for more convincing 
evidence? Disbelief, conversion, recantation, con- 
viction. That is indeed one way to convince the 
public. In this case there was, however, a third 
letter which another magazine presently repro- 
duced. It was from Karl M. Dallenbach, the 
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chairman of the Department of Psychology at the 
University of Texas. It had to say that Dr. 
McClenahan does not exist, that his alleged posi- 
tion does not exist, and that the letter-head had 
been especially printed for the purpose of deception 
(8, 12). So there you are. If the second letter 
persuaded you to believe, then this third letter 
probably snapped you over into disbelief. What 
happens if I now produce a fourth letter which 
asserts that Dallenbach is a hoax? In short, the 
printed word is not self-validating, but the public 
does not fully realize that. 

(2) The basic feature that distinguishes sci- 
entific observation from other empirical forms of 
assessing nature is control. The scientist mis- 
trusts his own capacity for forming unbiased in- 
ferences and he insists on control as a way of 
protecting his conclusions from his predilections. 
Control may mean keeping conditions as constant 
as you can. In its technical sense, it means sub- 
stituting the more accurate relative judgments for 
the inaccurate absolute ones. You observe best 
a difference between events, not simply an event. 
You see, for instance, how the experimental group 
differs from the control group, or the experimental 
series from the control series. Dr. Kennedy has 
described the need for control in research on ESP. 
In general he warns all scientists to mistrust the 
effects of their own biases and so to design their 
experiments that personal predilection, if it enters 
into significant differences, can at least have its 
effects measured. 

Not all wise human action can be scientific. 
Control may be impracticable. The institutions 
of government, medicine, and education all have 
frequently to act in the absence of evidence ob- 
tained under controlled conditions. Society is not 
yet ready to use scientific method on all possible 
occasions, and in many situations controlled ex- 
periment is actually impossible. 

(3) The third thing to say about the validation 
of scientific belief is that you must not fail to 
consider the weight of the total evidence. This is 
Dr. Payne-Gaposchkin’s point about Velikovsky, 


a principle that has also been stressed recently by ° 


Laurence Lafleur who, like Dr. Payne-Gaposchkin, 
has a special interest in Velikovsky. All of 
Lefleur’s seven criteria boil down to the necessity 
for suspending judgment about a small consistency 
which contradicts a great mass of interrelated other 
consistencies (7). Velikovsky, we have seen, 
throws away Newtonian mechanics in order to 
support the Biblical narrative. What substitute, 


ask both Payne-Gaposchkin and Lafleur, has he 
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got for Newtonian mechanics? Are we to aban- 
don the more fully confirmed larger system in 
order to believe in a smaller and imperfectly 
plausible contradiction ? 


That is all I have to say. The thing to do with 
the little wars in science is, in my opinion, not to 
try to eliminate them but to understand them and 
their participants. Scientists are human beings. 
Enthusiasm, and insecurity, and egoism, and the 
desire for adventure and change as well as the 
desire for security and no change, and the need for 
companionship in intellectual endeavor, and sym- 
pathy for the underdog, and the intolerance of 
intolerance—all these and many other human attri- 
butes and needs contribute to that form of tur- 
bulence which posterity ultimately sees as scientific 
progress. The unorthodoxies come, and many of 
them go, and a few are absorbed into an orthodoxy 
which keeps changing under progress. It would 
not do for us to attempt to police enthusiasm, but 
it is important to understand it and its effects, to 
criticize it and to point out its dangers. Veli- 
kovsky may yet do us a service by becoming a para- 
digm for how a scientific belief is not to be induced, 
and Rhine, if I may here introduce my own opinion 
on ESP, may become the paradigm for the waste 
of energy when boundless enthusiasm is directed 
upon a poorly formulated problem. As to Henry 
Gross, he has already become a specimen of the 
way in which unconscious motivation can influence 
action and leave but little trace of its own course. 
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STUDIES OF THE SOUTHERN MILKY WAY 


BART J. BOK 


Harvard College Observatory 
(Read November 9, 1951) 


Tue departure in February 1950 of Mrs. Bok 
and myself from New York for South Africa 
marked the beginning of a five-year project to 
study two key sections of the Southern Milky 
Way. The program consisted of a magnitude- 
color-spectral survey for the sections between 
galactic longitude / = 248° and 263° in Vela- 
Carina-Crux-Centaurus and between / = 321° 
and 332° in Sagittarius-Scorpio. The existing 
telescopic equipment of the Boyden Station was 
replaced in part and supplemented with new and 
improved equipment. In a way the program 
served to test the new equipment under regular 
operating conditions. 


1. OUTLINE OF PROGRAM 


The center of the Milky Way System lies 
thirty degrees to the south of the celestial 
equator in the general direction of the constella- 
tions of Sagittarius and Scorpio. The explora- 
tion of the stellar distribution in depth for this 
section of the Milky"Way should not only reveal 
important information on the central regions of 
our galaxy, but should help us in disentangling 
the local nearby arrangement of stars and ob- 
scuring clouds from the distribution at great 
distance from our sun. At the Boyden Station, 
the galactic center passes directly overhead 
around midnight during the winter months of 
June and July, which are generally our best 
months for observations. Since in our studies 
we were primarily interested in getting to know 
the stellar distribution to great distances, it 
was important to select for special study those 
sections that showed promise of the greatest 
transparency. 

The selection of the Sagittarius-Scorpio centers 
was made with due consideration of the known 
distribution of faint Cepheid and cluster-type 
variables and of globular star clusters. In the 
end the greatest weight was given to the dis- 
tribution of globular clusters, since the very 
presence of a globular cluster is in itself proof that 
in its surroundings one is able to observe objects 


at 5,000 or more parsecs from our sun. Since it 
is most likely that the dense obscuring clouds 
are in the outer parts of our spiral galaxy, one 
may hope to reach relatively great distances if 
one manages to penetrate through the obscura- 
tion within the first 2,000 or 3,000 parsecs from 
the sun. 

As a standard field for the basic sequences of 
magnitudes and colors Kapteyn Selected Area 
158 (S.A. 158) was selected. The three lowest 
galactic latitude centers in Sagittarius-Scorpio 
are along the bright border of the principal 
branch of the Milky Way 5° south of the galactic 
equator. The first of the three is so located that 
our photographs include the center at a = 18"0™, 
6 = —30°, for which W. Baade and S. Gaposch- 
kin have made a special study of the cluster-type 
variables, their light-curves and their colors.! 
The center at a = 18'513™, 6 = —30° has been 
selected to provide a connection between S.A. 
158 and the first Sagittarius center. The posi- 
tions of all Sagittarius-Scorpio centers are given 
in table 1. 

The second group of centers was selected be- 
cause of their probable importance in the study 
of the local spiral structure of our galaxy. It 
has been pointed out repeatedly that the section 


TABLE 1 


POSITIONS OF SELECTED CENTERS 





Center a 1950 | 61950 | l b 
Sagittarius 1 | 17453™ | —29°0 | 328°8 | — 395 
Sagittarius 2 | 18 13 —30.0 | 329.0 — 7.7 
Sagittarius 3 17 53 —32.5 325.8 — 5.2 
Sagittarius 4 1753 | —36.0 | 322.7 | — 7.0 
Sagittarius 5 18 26 | —30.0 331.4 —10.2 
(S.A. 158) | 
Vela Field 1015 | —56.2 | 250.5 | — 0.4 
n Car. Neb. 10 43 —59.4 255.2 | + 0.5 
S.A. 193 11 29 | —60.4 261.0 | — 0.6 











* Baade, W., A Search for the nucleus of our galaxy, 
Publ. Astron. Soc. of the Pacific 58: 249, 1946. 
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of the Milky Way between / = 250° and 260° is 
richer in O and B stars than any other section of 
the Milky Way and the author has on several 
occasions suggested that the Carina-section 
represents the direction toward our most con- 
spicuous near-by ‘‘knot”’ in a spiral arm of our 
galaxy. | had suggested earlier that a spiral 
arm might stretch from Cygnus through the 
region around our sun to Carina, but this picture 
may have to be revised in view of the data on 
the distribution of H II regions and O and B 
stars presented by W. W. Morgan at the Cleve- 
land Meeting of the American Astronomical 
Society (December 1951). In Morgan’s picture 
separate spiral arms are traced through the 
Cygnus and the Carina concentrations of O and 
B stars. Whatever the outcome of the spiral- 
question may be, the Carina-Crux-Centaurus 
section represents one of the key-sections of the 
Southern Milky Way. The declination of this 
section is about —60° which makes it out of 
reach for northern-hemisphere observers and an 
ideal section for study from the Boyden Station. 

The emission nebula surrounding the former 
nova Eta Carinae marks the direction toward a 
pronounced O and B star concentration. There 
is probably no other telescopic view that equals 
in beauty that of the red star Eta Carinae (red 
because of strong Ha emission) seen in a field of 
blue-white O and B stars and immersed in blue- 
greenish emission nebulosity with an overlying 
network of dark markings. There are, however, 
other marked concentrations of early-type stars 
in this part of the sky, notably in and near 
Kapteyn Selected Area 193. 

Three centers were selected for special study 
in this section of the Milky Way. The first of 
these is the section near Eta Carinae itself. The 
second center is that of S.A. 193, selected both 
because of the observed abundance of B stars 
and because of probably very high transparency 
for this direction, and incidentally also because 
it serves well as a center for the basic magnitude 
and color standard sequence for the entire sec- 
tion. The third center in the constellation of 


Vela marks the edge of the O and B star concen- ° 


tration. It was included to assist in answering 
the question whether or not this edge is only an 
apparent edge, produced by gradually thickening 
local obscuration, or a true edge to the concentra- 
tion of luminous early-type stars. The positions 


2 Bok, B. J., The distribution of the stars in space, 124, 
Univ. of Chicago Press, 1937; Bok, B. J., The depths of 
the Milky Way, Pop. Asir. 59: 505, 1951. 
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of the three Carina-centers are also given in 
table 1. 

Details regarding the observing programs will 
be given after the description of the instrumental 
equipment, but in brief the specific program of 
research may be summarized as follows: 


1. Basic standard sequences for magnitudes 
and star colors are being established for S.A. 158 
and S.A. 193. This has been accomplished by 
photo-electric and photographic methods to 
m = 14 or 15, and is being extended to fainter 
limits by photographic methods. The work is 
done in blue and yellow light by photo-electric 
methods and in blue and in red by the photo- 
graphic techniques. Mrs. Bok has collaborated 
with me on the photo-electric reductions, 
whereas Miss Margaret Olmsted and her asso- 
ciates at Cambridge have measured and reduced 
the photographic plates taken by myself and the 
staff of the Boyden Station (notably Mr. Michiel 
J. Bester and Mr. Willem D. Victor). 

2. Photo-electric colors for 124 stars of spec- 
tral types B5 and earlier have been obtained by 
Dr. Uco van Wijk and myself. These have been 
used in an analysis of the interstellar absorption 
overlying the two sections under investigation. 
The photo-electric work is now being supple- 
mented with photographic work on the magni- 
tudes and colors of the B and A stars by Miss 
Olmsted and her associates. 

3. With the aid of the new full-aperture objec- 
tive prism on the Armargh-Dunsink-Harvard 
telescope, plates suitable for the classification of 
spectra of stars beyond the limits of the Henry 
Draper Extension will be obtained in the course 
of this year. These plates—in the analysis of 
which Dr. Dorrit Hoffleit is intending to partici- 
pate—will be used to provide luminosity classi- 
fications for the critical O and B stars and to 
extend existing classification to m = 12.5. Pho- 
tographic—and possibly also photo-electric— 
color work is planned for the new O, B, and A 
stars in this survey. Tentative plans are also 
being made to provide for infra-red classification 
with the same equipment. 

4. During my stay in South Africa, I had 
hoped to find the time for photoelectric studies 
of the colors of faint Cepheid and cluster-type 
variables, but the basic sequence and color work 
already referred to proved to be so time-con- 
suming that no time was available for the 
Cepheid colors. The observations have been 
planned for this year in collaboration with Dr. 
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A diagram showing the optical arrangement of the Armagh-Dunsirk-Harvard telescope, designed by Dr. James 


G. Baker and built by the Perkin-Elmer Corporation. 


Eric M. Lindsay, Acting Superintendent of the 
Boyden Station. 


2. THE EQUIPMENT OF THE BOYDEN STATION 


During the first half year of my stay at the 
Boyden Station, the 24-inch Bruce (A) and the 
10-inch Metcalf (MF) photographic refractors 
were the principal instruments used for the 
Milky Way program. The Armagh-Dunsink- 
Harvard telescope of Baker-Schmidt design (free 
aperture 32 inches, primary mirror 36 inches, 
secondary mirror 17 inches, focal length 119 
inches) arrived on October 26, 1950, and was 
adjusted and put into operation under the 
supervision of the late Superintendent of the 
Boyden Station, Dr. John S. Paraskevopoulos, 
with the Mr. Ernest Burton, 
mechanic and other staff members of the Station. 

The delicate process of adjustment of two 
mirrors, a corrector lens and the holder for the 
photographic plate was accomplished in a little 
over four weeks, which truly can be said to repre- 
sent a record for a telescope that was of a wholly 
new design and which embodied many untried 
new mechanical features. That this was possible 
is to the credit equally of the engineering and 
optical perfection of the instrument built by the 
Perkin-Elmer Corporation, of the excellent 
directions for mounting and adjusting provided 
for us by the Perkin-Elmer staff; and of the skill, 
perseverance and good judgment shown by Dr. 
Paraskevopoulos, Mr. Burton and the Boyden 
Station staff. Work with the “ADH” began in 
December 1950 and until August 1951 this 
telescope was used almost exclusively on the 
Milky Way project. 

The full-aperture prism (angle 3°5) for the 
ADH arrived in South Africa in July 1951, but 
unfortunately it could not be mounted im- 
mediately since its clamping ring had been 
broken during an accident suffered in transit. 
The broken ring was replaced and toward the 


assistance of 


end of August, five days before my scheduled 
departure for America, the mounting of the 
prism was completed and the first test plate 
taken. In spite of some striae in the prism 
(about the presence of which we had been notified 
in advance by the Perkin-Elmer Corporation), 
the performance of the prism on the ADH ap- 
pears to be quite satisfactory, with good-quality 
spectra obtainable to m = 12.5 and with a dis- 
persion of 240 Angstroms per millimeter at Hy. 

A piece of auxiliary equipment that has played 
an important part in the work to date is the 





Fic. 2. The ADH telescope at Harvard Kopje. A Baker- 
Schmidt type telescope with a 36-inch spherical mirror 
and 32-inch correcting lens, designed to give perfect 
images over the entire field covered (about 20 square 
degrees). It takes round plates 10} inches in diameter 
and records stars of 19th magnitude with a 30-minute 
exposure on Eastman 103a-O emulsion. The tele- 
scope is owned jointly by the Armagh Observatory in 
Northern Ireland, the Dunsink Observatory in Eire 
and the Harvard College Observatory, each ob- 
servatory being entitled to one-third of the observing 
time. A 33-inch objective prism (the largest in 
existence) produces spectra of the stars to about 13th 
magnitude. 
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Linnell-King photo-electric photometer of modi- 
fied Kron design.’ The instrument was designed 
and built by Dr. Albert P. Linnell and mounted 
and put into operation on the 60-inch Rockefeller 
Reflector of the Boyden Station by Dr. Ivan R. 
King. The photometer was used at first exclu- 
sively on King’s own research project of pro- 
viding standard magnitudes for the Harvard 
Standard E-Regions, but, following King’s 
return to America, it was used extensively for 
our magnitude calibrations and—jointly with 
van Wijk—for the color work for O and B stars. 

The Boyden Station photometer is fitted with 
two filters, Corning 5551, for blue light, and 
Corning 3385, for yellow light. The instrument 
permits one to do precision photometry to 
m = 15 in high galactic latitudes and to m = 14 
near the galactic equator. 


3. PHOTO-ELECTRIC COLORS FOR 124 
O AND B STARS 


a. THE PROGRAM AND OBSERVATIONAL 
PROCEDURE 


During the first half of 1951, van Wijk and | 
determined photo-electric colors for 124 selected 
BO to BS stars in six regions of the Southern 
Milky Way. Particulars about these regions 
are shown in table 2. The two Sagittarius sec- 
tions are adjoining ones and together they cover 
the edge of the Great Star Cloud in Sagittarius. 
Selected Area 193 and the neighboring field 
centered upon the eclipsing variable GL Carinae 
were selected because of the abundance of BO 
to BS stars and because of the promise of high 
transparency ior this section of the Milky Way. 
The Eta Carinae region should obviously be 
included in a program of this sort and the Vela 
region was selected to provide further informa- 
tion on the apparent edge of the B-star concen- 
tration. 

A complete description of the procedures of 
selection of stars, the measurements of their 
colors and the analysis of the available data has 
been prepared for publication in the A stronomi- 
cal Journal, but the following summary should give 
a good idea of the scope of the work. The spectra 
were those of the Henry Draper Catalogue and 
the Extension Charts,‘ supplemented by spectral 


§ Linnell, A. P., Astronomical photoelectric photometry, 
Doctoral Thesis, Harvard Univ. 1949, unpublished. 

‘Cannon, A. J.,and M. W. Mayall, The Annie J. Cannon 
memorial volume of the Henry Draper extension, Ann. 
Harv. Coll. Observ. 112, 1949. 
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TABLE 2 


CENTERS FOR PHoTO-ELEcTRIC COLORS 








Field | Pe | man, be | a. | a 
Sagittarius | 328° | -2° | 10 | 22 
Sagittarius | 330 eS Sa 22 
Ate > fa 1 oR 8S 15 
GL Car _) et ek | Ot 
Eta Car 255 0 | 4 21 
Vela 252 7 6 16 

ui 
| 123 





types determined by Wallenquist at the Bosscha 
Observatory. In each field one star was 
selected as a basic standard and, by remeasuring 
this standard every 30 to 45 minutes, we have 
avoided difficulties with variable atmospheric 
extinction and with a variable color zeropoint 
for our reflector with its silvered mirror. The 
probable error of a single measured color index of 
a field star relative to the standard is +0™008 
and, since every star was measured at least three 
times, the probable error of a final relative color 
index should be close to +0™005. Since the 
zeropoint of our color system is not defined to 
that accuracy, all color indices have. been given 
only accurate to the nearest one-hundredth of a 
magnitude. 


b. THE COLOR SYSTEM 


In the course of the observations, numerous 
intercomparisons were made between the stand- 
ard stars in the six fields and there is every reason 
to believe that all measured color indices can be 
reduced rigorously to one single color system in 
scale and in zeropoint. We had originally re- 
lated our basic color system to that set by our 
sequence observations (see next section) for 
S.A. 141, 158 and 193, which system had been 
related firmly to the photo-electric system 
established for S.A. 68 by Stebbins, Whitford 
and Johnson.§ Our color-index base is somewhat 


narrower than the base for the international 


system; our color indices, C,_,, are related to 
color indices, Cy, on the international system by 


5 Wallenquist, A., A study of the distribution of the stars 
in the Sagittarius and Ophiuchus regions of the Milky 
Way, Bosscha Annals 5 (5), 1939. 

6 Stebbins, J., A. E. Whitford, and H. L. Johnson, 
Photoelectric magnitudes and colors of stars in selected 
areas 57, 61, and 68, Astrophys. Jour. 112: 469, 1950, 
Mount Wilson and Palomar Observatories Reprint No. 29. 















Fic. 3, 
the Armagh-Dunsink-Harvard telescope. 


the relation: 
C, Y = 0.83 x Ce 


There is, however, some danger in accepting this 
result without question for the early B stars of 
our color survey. The intercomparison with 
S.A. 68 was based entirely on unreddened stars 
with color indices between C, = +0.4 and 
C, = +1.5, whereas we are concerned here with 
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Reproduction of a contact print of a 60-minute exposure on Eastman 103a-E emulsion (red-sensitive) taken with 
For an enlargement of a portion of this photograph, see figure 4. 
region shown is that of the emission nebula near » Carinae. 


The 





reddened and unreddened B stars, whose normal 
color indices are without exception negative. 
It seemed, therefore, desirable to relate our color 
system directly to the basic one for O to B5 stars 
of Stebbins, Huffer and Whitford,? which has 


7 Stebbins, J., C. M. Huffer, and A. E. Whitford, Space 
reddening in the galaxy, Astrophys. Jour. 90: 209, 1939, 
Mount Wilson Contributions No. 617. 
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also been used as a basic reference system in the 
recent southern work of Oosterhoff.* 

The relation to the Stebbins, Huffer, Whitford 
system of color indices, C,, has been established 
in two ways. First, color indices have been 
measured for six stars in and near the diffuse 
nebulae Messier 8 and Trifid. Three of the 
stars are unreddened and three quite reddened 
and all six have practically identical normal 
unreddened color indices. Our color indices, 
Cy_,, are related to those of Stebbins, Huffer and 
Whitford by the relation: 


QO-» = —0.10 + 1.7 X C, 


Second, we have twelve stars in common with 
Oosterhoff's list. Relating our color indices, 
C,.,, to Oosterhoff's reduced values on the 
Stebbins, Huffer, Whitford system, we find: 


QG-y = —0.10 + 2.0 X C, 


Oosterhoff's published color indices, when reduced 
to our system by this formula, agree to within 
+0™"01 with our observed colors, C,,, thus 
showing excellent internal agreement between 
the two color systems. 

The adopted equation relating the two color 
systems is: 


C-» = —0.10 +1.8 X C, 


This relation is very different from the one that 
might have been predicted. The presence of 
the constant —0™10 shows again that one can- 
not calibrate the color-zeropoint for B stars from 
color relations established with reference to 
stars with values of C, equal to +0™4 and 
greater. This point was stressed in a paper by 
Johnson presented at the Cleveland Meetings 
(Dec. 1951) of the American Astronomical 
Society. Since consistency of system for pub- 
lished colors of B stars is desirable, we have ap- 
plied a correction of +010 to measured color 
indices C,_, for B stars, in order to reduce them 
to the color zeropoint of the Stebbins, Huffer, 
Whitford colors. 

The value of the coefficient 1.8 in the relation 
requires further comment. Stebbins, Huffer 
and Whitford have suggested the use of the 
factor 1.5 to pass from their color indices to 
color indices on the international scale. Since 
our color indices, C,_,, are 0.83 X International 


8 Oosterhoff, P. Th., Photo-electric colours of southern 


early-type stars, Bull. Astron. Inst. Netherlands 11: 299, 
1951. 
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TABLE 3 


AporpTtep NorRMAL CoLor INDICES AND MEAN 
ABSOLUTE MAGNITUDES 


Sp Co-y Moto 
BO —0.38 —4.4 
Bl —0.36 4.0 
B2 —0.34 3.4 
B3 —0.32 2.6 
B4 —0.30 2.3 
BS —0.28 1.9 


Color Indices, one would expect the relation be- 
tween C,_, and C, to be: 


tan 3.3 4. 


The discrepancy probably arises from the fact 
that Stebbins, Huffer, and Whitford were con- 
cerned primarily with unreddened stars of 
different color indices, so their factor 1.5 applies 
basically to unreddened stars of positive color 
index. Our relation deals, however, with nor- 
mally very blue stars of almost identical true 
color index, but with different degrees of redden- 
ing through interstellar absorption. Our result 
seems to suggest that, to reduce the color excess 
published by Stebbins, Huffer and Whitford to 
excesses in the international scale, one should 
multiply by Stn 2.2 and not by 1.5. 
0.83 

be noted, in passing, that the adoption of a 
factor 2.2, together with the factor 9.0 to pass 
from Stebbins, Huffer, Whitford color excess to 
total photographic absorptions, is consistent 
with the factor 4 for the conversion from excesses 
on the international system to total photographic 
absorption. In accordance with these results, 
total photographic absorptions for the stars of 
our list have been calculated by multiplication of 
our derived color excesses by a factor 5. Our 
normal colors, which are based on Johnson’s® 
measures for bright stars and earlier measures of 
Stebbins, Huffer, and Whitford, are shown in 
table 3. In this table we list also the adopted 
mean absolute magnitudes. 


It may 


Cc. RESULTS 


The results of the analysis of the colors and 
color excesses will be reported in detail in the 
forthcoming article in the Astronomical Journal. 


The following summary should suffice for the 
present: 





* Johnson, H. L., The color-magnitude array for the 


galactic cluster NGC 2362, Astrophys. Jour., 112: 243, 
1950. 
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with the Armagh-Dunsink-Harvard telescope. 
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Reproduction of a contact print of a 60-minute exposure on Eastman 103a-O (blue-sensitive) emulsion taken 
For an enlargement of a portion of this photograph, see figure 6. 


The region shown is south of the direction of the center of our Galaxy. 


1. Seven stars on our list are seen projected 
against the Large Sagittarius Cloud and _ its 
immediate surroundings and in directions free 
from obvious near-by overlying obscuration. 
The observed reddening for these stars indicates 
a total photographic absorption of 1™6 at 1,500 
parsecs and 1™85 at 2,300 parsecs, with one star 
at 300 parsecs having only 0™25 total photo- 
graphic absorption. If one 


accepts Baade’s 


estimate of 2™6 for the total photographic ab- 
sorption between the sun and the galactic center, 
then more than half of this total is already 
accounted for over the first 1,500 parsecs. In 
other words most of the absorption between the 
sun and the galactic center occurs within the 
first 2,000 parsecs from the sun. 

2. In the clearest star-rich portion west of the 
Large Sagittarius Cloud, the absorption is some- 
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what higher than in the direction of the Large 
Cloud itself, with a total photographic absorp- 
tion of the order of 2™0 at a distance of about 
1,600 parsecs. Some of the reddest stars in our 
survey are found to the west of the Large Cloud. 
Here, seen partly through the dense and near-by 
obscuring clouds associated with the Ophiuchus 
complex, we find three stars with color excesses 
on our base between +0.65 and +0.75, three 
with color excesses between +0.80 and +0.95 
and one with an observed color excess of 
+1™36. All these stars have total absorptions 
in excess of 3™ and the reddest of all, H.D.E. 
316332, is apparently affected by an overlying 
absorption of 6™8! 

3. Eastward from the Large Sagittarius Cloud 
(toward S. Gal. Lat. in excess of 5°), the ab- 
sorption is variable and thins out quite rapidly. 
Whatever absorption exists occurs apparently to 
a considerable extent in clouds at least 800 
parsecs from our sun as is demonstrated by the 
presence of very slightly reddened stars seen 
against fairly heavy local obscuration. The 
appearance in abundance of faint Cepheid vari- 
able stars at latitudes —5° to —10° is in accord- 
ance with the observations that suggest relative 
transparency.'° 

In the Carina-Crux-Centaurus section, the 
space reddening is smallest for the section around 
S.A. 193, where our colors indicate a total photo- 
graphic absorption of at most 0™8 at a distance 
of 2,000 parsecs. For the field around GL 
Carinae the absorption is somewhat larger, with 
a total absorption of 0™9 reached at a distance 
of about 1,700 parsecs. The smallness of the 
photographic absorption for this section of the 
Milky Way confirms the previous results of 
the Gaposchkins'" and of Bok and Wright,” 
which had shown that this section is probably a 
highly transparent one. 

For the direction of the Eta Carinae Nebula 
the space reddening is quite variable. Con- 
siderable reddening is found directly north and 
east of the diffuse nebula, where the scarcity of 
faint stars is indicative of the presence of nearby 


‘© Swope, H. H., A survey of variable stars in Milky 
Way fields 233 and 187, Ann. Harv. Coll. Observ. 90 (7), 
1935; Swope, H. H., A survey of variable stars in MWF 
186, Ann. Harv. Coll. Observ. 90 (8), 1938. 

" Payne-Gaposchkin, C., Red indices in southern se- 
lected areas, Astrophys. Jour. 90: 321, 1939, Harv. Coll. 
Observ. Reprinte181, 1939. 

® Bok, B. J., and F. W. Wright, The stellar distribution 
for two southern fields, Astrophys. Jour. 101: 300, 1945, 
Harv. Coll. Observ. Reprint 274, 1945. 
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obscuration. The greatest reddening is shown 
by a ninth magnitude B3 star, H. D. 93795, 
with a color excess in our system of +0™83, sug- 
gesting a total photographic absorption for this 
direction of 4™15 at a distance of only a little 
more than 300 parsecs. The least reddening is 
shown by the stars seen projected against the 
star-rich region south and west of the diffuse 
nebula, for which the estimated total photo- 
graphic absorption amounts to 0™90 at 1,700 
parsecs, the same value as that for the field near 
GL Carinae, a few degrees away. 

The colors for the Vela Field fall into two 
groups. For eight B3 to B5 stars at /] = 251° 
and south of the galactic circle, a total photo- 
graphic absorption of 1™0 at 1,600 parsecs is 
found, whereas for eight stars at the same longi- 
tude and north of the galactic circle, the total 
photographic absorption is 2™2 at 1,100 parsecs. 
Hence the dark nebula responsible for this excess 
reddening is probably at not more than 1,000 
parsecs from the sun. Simple calculations show 
that the relative scarcity of B stars beyond the 
apparent “‘edge’’ of the Carina Cloud of B stars 
cannot be explained by overlying obscuration, 
and hence we conclude that one observes here a 
real edge to a B star concentration. 


4. PHOTO-ELECTRIC MAGNITUDES AND 
COLOR STANDARDS 


a. THE PROGRAM 


Full details on the standard magnitude se- 
quences and color indices for S.A. 141, 158, and 
193 will be published in due course, but it seems 
opportune to present here an account of the 
general plan of the magnitude work by photo- 


electric and by photographic methods. The 
photo-electric studies were started in September 
1950 when Mrs. Bok and I began work on the 
standard sequence for S.A. 141 near the South 
Galactic Pole. From the start, careful attention 
was paid to the basic color system and possible 
lack of stability in the color system, to atmos- 
pheric extinction and its effects, and an attempt 
was made to relate all our measures firmly to 
established northern standards at 6 = +15°. 
In the meantime Miss Olmsted and her asso- 
ciates had begun the analysis of the photo- 
graphic material for standard sequences in S.A. 
158 and S.A. 193 obtained with the 24-inch Bruce 
and 10-inch Metcalf telescopes. 

In our photo-electric work, the photo-electric 
magnitudes on the international system pub- 
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lished by Stebbins, Whitford, and Johnson for 
selected stars in S.A. 68 were used as a primary 
standard. Figure 7 shows the network of 
comparisons emanating from S.A. 68, with the 
number of independent comparisons (not more 
than one per night for a given pair of fields) 
noted beside the lines connecting pairs of fields. 
To insure stability in our results, these compari- 
sons were made with the 60-inch Rockefeller 
Reflector of the Boyden Station; this procedure, 
while admittedly a cumbersome one, obviates 
sources of error resulting from the use of a 
variety of telescopes each with its own 
peculiarities. In each field one single star— 
tested first with care for possible variability in 
magnitude or color—was used as a basic stand- 
ard. It will be noted that in the course of the 
year, we managed to close the circuit of zero- 
point comparisons all around the sky. 


b. THE COLOR SYSTEM 


The mirror of the 60-inch Rockefeller Re- 
flector has not yet been aluminized and we 
therefore feared most a change of color system 
with age after silvering. Surprisingly, the 
color characteristics for either the blue or the 
yellow filter combination remained unchanged 
in spite of a marked gradual deterioration of 
the silver-coat with age. The measurements 
showed that in the course of time the “blue” 
deflection of any star dropped relative to the 
‘vellow”’ deflection as the silver-coat deteriorated, 
but that the effective wavelength within the 
range transmitted by our blue filter and the effec- 
tive wavelength within the range transmitted by 
our yellow filter remained sensibly constant. 


ie” 


+30° 





+15” 


-30° 


Photo-electric intercomparisons 
1950-5i 
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This was proven first by repeated observation 
of six stars in S.A. 68 with color indices ranging 
from +0™4 to +1™5 and—when S.A. 68 was not 
available for observation—by repeated observa- 
tion of three stars in Harvard Standard Region 
C4 with color indices ranging from —0™19 to 
+1™04. 

The basic stability of our color system is 
shown best by table 4. In this table P and 
V represent the photo-electrically determined 
equivalents to the international photographic 
and photo-visual magnitudes (corrected accord- 
ing to Astrophysical Journal 114: 141, 1951) and 
P—V the equivalent to the International Color 
Index. Star G in C4 is used as a basic reference 
and the significance of the quantities AP, AV and 
A(P—V) is obvious. In the six lines that follow, 
we have listed the quantities Am, Am, and 
AC,_,, first as determined from six nights during 
the month before silvering, then on three nights 
of the month directly after the silvering of the 
mirror. No marked change in color system is 
indicated. 

The observations for C4 give for the relation 
between our color system and the international 
system the relations: 


m, = P + 0.04 (P — V) 
m, = V + 0.12 (P — V) 
Cr-y = 0.92 (P — V) 


The corresponding relations for the six stars in 
S.A. 68 are: 


m, = P + 0.04 (P — V) 
m, = V + 0.21 (P — V) 
Cy-y = 0.83 (P — V) 


Since S.A. 68 is our basic standard, we have 
decided to use the three conversion formulae 
found from our measures for this region as a 
basis for all transformations to the International 
Scale. 

In section 5 we shall make use of some of our 
photo-electric results in order to check and 
strengthen the photographic and _ photo-red 
data. Since our photographic magnitudes are 
checked to be on or close to the International 
Photographic Scale, there is no problem in relat- 
ing our photo-electric and photographic mag- 
nitudes. The situation with regard to our 
photo-red magnitudes is a more complex one. 
One must distinguish between the published 
photo-red magnitudes on the color system of 
Harvard Annals 89 (IC plates and ciné-red 
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TABLE 4 
EFFEct OF AGE OF SILVER-COAT ON COLOR SYSTEM 


Harvard Standard Region C4 





Star G Star I Star K 
y 8.63 9.77 9.54 
V 8.82 9.43 8.50 


P-V -0.19 | +034 +1.04 
Eggen 


AP 0.00 +1.14 +0.91 


AV 0.00 +0.61 —0.32 


A(P—V) 0.00 +0.53 +1.23 
Six nights before silvering 


Am, 0.00 +1.16 +0.96 


Am, 0.00 +0.66 —0.17 
i. 0.00 +050 | +1.13 


Three nights after silvering 


Ams 0.00 +-1.16 = | +0.98 


Am, 0.00 +0.66 —0.17 
ACs-, 0.00 +0.50 +1.15 


filter) and the system corresponding to 103aE 
plates and Wratten 25A filter now in general 
use. The adopted formulae relating the photo- 
visual system to these two red systems are: 


Photo-red, Ann. Harv. Coll. Observ. 89: 
(HPr), = V — 0.20 X (P — V) 
103aE + 25A filter: 
(Red), = V — 0.40 X (P — V) 
Cc. COMPARISONS FOR ZEROPOINT 


Ideally all zeropoint comparisons should be 
made with the two centers at identical zenith 
distances. This is, however, not always prac- 
ticable because of instrumental limitations and it 
may be necessary to supplement the actual inter- 
comparison for zeropoint with extinction runs 
before and after. This has generally been 
achieved economically by preceding and follow- 
ing each zeropoint comparison by intercompari- 
sons between stars of either sequence with the 
star of the particular sequence that serves for 
the comparison of zeropoints. 

In a way two projects were carried on side-by- 
side. The first was one of completing a tight 
network of zeropoints through numerous inter- 
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TABLE 5 


OBSERVED VALUES OF Amy AND Amy FOR STAR ¢ IN S.A, 
141 AND FoR Star c in S.A. 158 [A(sec s — 1) =0] 


Date (1951) Am, Amy, 
June 11/12 —0"91 —0™98 
24/25 —0.88 —0.98 
July 8/9 —0.93 —1.04 
9/10 —0.86 —0.97 
28/29 —0.89 —0.99 
Aug. 2/3 —0.89 —0.97 
3/4 —0.90 —0.99 

/5 —0.93 —1.01 
5/6 —0.90 —1.00 
6/7 —0.88 —1.02 
Average —0™90 — 1™00 


comparisons and _ cross-comparisons between 
13 stars, one for each center in which sequence or 
color work was done. The second project con- 
sisted of the setting up of a sequence of blue and 
yellow magnitudes within each area, using the 
basic standard star as a zero reference and estab- 
lishing the scale of magnitudes through numerous 
intercomparisons between sequence stars. 
Tables 5 and 6 give some indication regarding 
the accuracy achieved in the comparisons for 
zeropoint. In table 5 the nightly results are 


‘given for intercomparisons between sequence 


star cin S.A. 141 and sequence star c in S.A. 158, 
the two stars that served as standards for their 
respective fields. Both areas are at 6 = —30°, 
but the right ascension of S.A. 158 equals 
a = 18" 36™, whereas S.A. 141 is at a = 1° 05™. 
The intercomparison was made while S.A. 158 
was far west and S.A. 141 still rising and in this 


TABLE 6 


OBSERVED VALUES OF Am, AND Am, FOR STAR M 1n C9 
AND STAR ¢ IN S.A. 158 (CORRECTED FOR 
DIFFERENTIAL EXTINCTION) 











Date (1951) A(secz—1) | Am, | Amy 
- June 24/25 | +0.13 —0™16 —0™41 
25/26 | 0.10 —0.14 —0.44 
27/28 0.08 —0.16 | —0.44 
July 4/5 0.16 | —0.20 —0.43 
8/9 0.18 —0.13 —0.43 
28/29 | 0.24. | 0.17 —0.46 
30/31 | 0.08 | -—0.15 | 0.41 
Aug. 4/5 | 613 | =— Sas —0.40 
6/7 0.19 —0.15 —0.43 

- si anntiai | - ’ = a eae a 

Average | 0.14 | —0m15 —0™43 
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TABLE 7 


A CrLosep Circuit or ZEROPOINTS 


| 
Blue Yellow n 
_- | 





S.A. 141 (¢) minus C4 (L) 
C4 (L) minus S.A. 193 (c) 
S.A. 193 (c) minus S.A. 158 (c) 
S.A. 158 (c) minus S.A. 141 (c) 


—0"21 | —0™10 | 
+0.08 | —0.40 
—0.75| —0.48 
+0.90| +1.00 


Closing Error = Sum = 


+0.02 | +0 .02 


case it was possible to make the intercomparison 
at the same zenith distance for both areas. 
Table 6 gives in a similar fashion the separate 
results of zeropoint comparisons between se- 
quence star M in Harvard Standard Region C9 
(a = 17" 04™, 6 = +15°) and star c in S.A. 158 
18" 36", 6 = —30°). Because of instru- 
mental limitations star M was always observed 
at greater zenith distance than star c and a 
correction for differential extinction had to be 
applied. Table 6 shows the differences in 
sec s for each observation. For most nights 
there was enough of a run with z for at least one 
of the standard stars to obtain an accurate 
value of the constant of extinction in blue and 
in yellow for the night in question. When 
sufficiént information was lacking, an average 
coefficient was assumed for the night with the 
differential correction assumed to amount to 


(a = 


037 & A(sec s — 1) 
in blue and 
0™20 & A(sec z — 1) 


in yellow. Because of the smallness of 
A(secz — 1), on the average 0.14, the un- 
certainty in the assumed coefficient of extinction 
is quite small. It will be noted that the internal 
agreement between the zeropoint comparisons is 
quite good, with the average deviation of one 
single zeropoint comparison from the 
amounting to less than +0™02. 


mean 


TABLE 8 


A CLosep Sus-Circurr oF ZEROPOINTS 


Blue | Yellow | 


C9 (M) minus S.A. 158 (c) 
C10 (K) minus C9 (M) 
S.A. 158 (c) minus C10 (M) 


—0™15 | —0"43 | 
—0.46| —0.18 | 
+0.60| +0.62 
—0.01 | +0.01 


Closing error = Sum = 
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TABLE 9 


INTERCOMPARING SEQUENCE STARS 
c AND f IN S.A. 193 
Date (1951) 
Jan. 5/6 
Feb. 10/11 
Mar. 2/3 
8/9 
9/10 
May 11/12 
24/25 


Am, Amy 


1™00 094 
0.96 0.88 
0.98 0.90 
0.97 0.88 
1.02 0.96 
1.00 0.92 
0.98 0.95 





Average 099 0™92 


Since the zeropoint observations extended 
through an entire year, we were able to check the 
consistency of the results by closing a circuit of 
zeropoints all around the sky. This provides a 
stringent check on systematic magnetic or 
flexure effects in the photometer and on possible 
seasonal variations with azimuth in the extinc- 
tion. Tables 7 and 8 show that everything is 
apparently in order. It was indeed a satisfac- 
tion when the circuit of table 7 was completed 
and offered proof of the stability of the zero- 
point work throughout a year of photo-electric 
observations. 


d. PHOTO-ELECTRIC SEQUENCES 


The work on the setting up of the sequences 
themselves was straightforward and laborious. 
It consisted of numerous intercomparisons be- 
tween pairs of stars in the sequence, always 
arranged so that settings on star x in the sequence 
preceded and followed one or two settings on 
star y, and with measures of sky background 
interspersed as needed. The samples in tables 9 
and 10 give an indication of the accuracy that 
was obtained at m ~ 10 (table 9) and in inter- 
comparisons between two stars, one at m = 10.5, 
the other at m = 13.5 (table 10). Both tables 


TABLE 10 


INTERCOMPARING SEQUENCE STARS 
c AND 1 IN S.A. 158 


Date (1951) Am, Amy 


June 3/4 3™01 1768 
5/6 3.07 .67 
July 10 2.95 7 
27/ 3.07 
28 3.09 
Aug. 4/5 3.06 
Sept. 24 3.02 


a oo a 
Nm WN Ww dN 


| 
| 


Average 3™04 
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are for stars in rich galactic fields, where the 
crowding of faint stars offers a special problem. 

Our photo-electric standard sequences cover 
the interval P = 8.5 to 15.5 for S.A. 141, the 
Selected Area in the empty regions near the 
South Galactic Pole. In S.A. 158, where we 
pushed to as faint a limit as could be reached, we 
were forced to stop at P = 14.4 since the irregu- 
lar fluctuations caused by background stars 
affected our sky measures too greatly for fainter 
stars. In S.A. 193 our observations did not 
extend beyond P = 13.5. Because of the ir- 
regular contributions by faint background stars 
in rich Milky Way fields, it will be difficult to 
penetrate in rich fields much beyond m = 15, at 
least under average conditions of seeing. 

In the course of the work, many intercompari- 
sons were made with Harvard Standard Regions 
C7, C9, and C10 and skeleton sequence measures 
were made for these same C-Regions. Our 
measures suggest small corrections (mostly 
smaller than 0™10) to the published photographic 
standard magnitudes.” It is obviously not 
desirable to publish these corrections at this 
time, since they were derived from observations 
at a southern observatory, where the C-Regions 
never rise higher than 45° in the sky. The 
southern results will be duly incorporated in the 
analysis of observations to be made from the 
more favorable latitude of Harvard’s northern 
Agassiz Station (formerly called the Oak Ridge 
Station). 

5. PHOTOGRAPHIC AND PHOTO-RED 
MAGNITUDE STANDARDS 


The primary purpose of the photo-electric 
work on magnitude and color standards was to 
provide skeleton sequences for S.A. 158 and 
S.A. 193 and to combine these with the more ex- 
tensive photographic and photo-red standard 
sequences for these same areas. The measure- 
ment of the photographic plates was in the 
hands of Miss Margaret Olmsted and her asso- 
ciates, Mrs. Marguerite Thompson Hayes, Miss 
Edith Flather, Jeremy H. Knowles, and Frank 
Q. Orrall. In addition they have done con- 
siderable work in the measurement of colors and 
magnitudes of O, B and A stars and of cluster 





8 Harvard Standard Regions, Ann. Harv. Coll. Observ. 
71 (4), 1917, corrected according to Shapley, H., and 
A. D. Walker, North Polar sequence, Harv. Coll. Bull. 781, 
1923; see also van Rhijn, P. J., and L. Plaut, International 
photographic magnitudes of the Harvard Standard C 
Regions, Bull. Astron. Inst. Netherlands 11: 245, 1950. 
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and Cepheid variables. Accordingly, at my 
request, Miss Olmsted presents her summary of 
the work which constitutes the remainder of 
Section 5. 

The purpose of the photographic studies of 
the five fields in Sagittarius and three in the 
Carina region was to establish the amount of 
absorption of starlight by intervening inter- 
stellar material. The work consisted of three 
parts: (1) a careful and accurate measure of the 
magnitudes in red and in blue light of a basic 


.sequence of stars at the center of each of the 


seven fields from 9th to 17th magnitude (photo- 
graphic); (2) the determination of the color 
indices of a fairly large statistical sample of the 
early-type stars (O, B and A) for which the 
spectral subdivisions and hence the normal 
colors are well established; (3) the study of 
cluster and Cepheid variable stars through which 
data for interstellar absorption can be deter- 
mined for great distances from the sun. 

The establishment of the basic sequences for 
the key centers S.A. 158 and 193, and subse- 
quently for the other centers, has been our major 
concern. 

In each of the two key selected areas a se- 
quence of about a dozen stars between m = 9 
and m = 14, and a dozen between m = 14 and 
m= 17 were selected within a circle of 3° 
diameter. A few additional stars were selected 
after measurements of the plates began, either to 
fill in gaps where the interval between magni- 
tudes appeared to be too great, or to replace 
stars discarded from the original sequence on 
account of suspected variability or difficulty of 
measuring due to close companions. 
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S.A. 193 was compared to two standard north- 
ern areas, namely C7 and S.A. 85 on the blue 
plates, the [Pg magnitudes for which to 13.2 
were made available to us by Dr. van Rhijn in 
advance of publication.“ For fainter magni- 
tudes in C7 those in Ann. Harv. Coll. Observ. 
71 (4) corrected to IPg were used, and in S.A. 
85 the magnitudes in Mt. Wilson Papers 4 
were used. In the red, S.A. 193 was compared 
to C7 alone, for which we used HPr magnitudes 
from Ann. Harv. Coll. Observ. 89 (8) corrected 
according to the formula given by Miss Sawyer 
in Harv. Coll. Observ. Bulletin 918, to bring the 
system of IC plates to that of the 103aE plates 
and the red filter used in our study. 

S.A. 158 was compared to C9 and S.A. 89 on 
blue plates and to C9 alone on red plates, using 
the same sources of magnitudes as above. 

The basic sequences in the remaining four 
fields in Sagittarius were determined by com- 
parison with the key sequence in S.A. 158, and 
those in the two Carina fields by comparison 
with the key sequence in S.A. 193. 

The plates used for the key sequences were 
10-minute exposures taken with a grating on the 
telescope, the standard area and the key se- 
quence region being photographed on separate 
plates one directly after the other. Each pair 
of plates was taken from the same box of plates, 
the exposures timed to seconds and developed 
together. The plates were measured by means 
of scales which consisted of segments of plates 
of multiple exposure, chosen with regard to 
quality of image to match the images on the 
plate to be measured. The central image, or 
zero order, and both first order images of each 
star whenever possible were estimated in scale 
values. Curves relating scale reading to mag- 
nitude were drawn for the standard plate and 
magnitudes of the key sequence read from this 
curve after applying a correction for the differen- 
tial extinction. For the brighter stars only the 
first order image measures were used for de- 
termining the magnitudes, and for the fainter 
stars only central images were used; between m 
about 10 to 12 both images were used. 

Thirty-one pairs of blue plates and nine pairs 
of red plates were used in the determination of 
the S.A. 193 magnitudes. Small corrections 
were applied to reduce our magnitudes to the 
system set by the photo-electric sequence; these 
corrections ranged from .00 to .12, depending on 
the magnitude. The probable error for a final 
blue magnitude in the S.A. 193 is +0.03. Cor- 
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rections ranging from .00 to .16 were applied to 
the photo-red magnitudes to bring them to the 
deduced red photo-electric system explained 
earlier by Dr. Bok. The probable error of a 
final red magnitude in the S.A. 193 sequence is 
+0.05. Sixteen blue pairs of plates and twelve 
red pairs were used in the determination of the 
magnitudes of the S.A. 158 sequence. The 
corrections to bring the photographic blue 
magnitudes to the photo-electric system range 
from —.10 to +.07, the probable error of a final 
blue magnitude being +0.03. The correction 
needed to bring the photo-red magnitudes of 
the S.A. 158 sequence to the deduced red photo- 
electric system was +.10, and the probable error 
of a final red magnitude was +0.04. The photo- 
graphic and photo-red measurements were made 
chiefly on plates taken with the 24-inch Bruce 
and the 10-inch Metcalf refractors at the Boyden 
Station. Some blue plates taken with the 
8-inch Bache telescope also entered into the 
reductions. 

The preliminary photographic and photo-red 
magnitudes for the stars in the basic standard 
sequences are given in table 11. 

The standard sequences have been measured 
for the remaining four Sagittarius-Scorpio and 
the Eta Carinae and Vela fields from series 
plates in a manner similar to that for the key 
sequences in S.A. 158 and S.A. 193, except that 
the comparison pairs of plates had the key se- 
quences as reference instead of the northern 
standard regions. In Sgr. 1 (see table 1) eight 
comparisons with S.A. 158 have been made on 
blue plates and, in addition, two sets of over- 
lapping plates were also measured whereby the 
magnitudes of the Sgr 1 Field sequence were 
determined through intermediary ‘“‘stepping- 
over’’ sequences from Sgr 2. Sgr 2 central se- 
quence was obtained from twelve straight com- 
parisons with S.A. 158 plus two sets of ‘‘stepping- 
over’’ sequences on overlapping plates. Eight 
direct comparisons of the Sgr. 3 central sequence 
were made with S.A. 158 and in addition it was 
compared with the Sgr. 1 sequence by three sets 
of ‘“‘stepping-over’’ comparisons. The Sgr 4 
central sequence received exactly the same treat- 
ment as the Sgr 3 sequence. 

Some red plates have also been measured for 
the Sagittarius fields, but final magnitudes will 
not be adopted until further plate material is 
available. 

The Eta Carinae Field and the Vela Field (see 
table 1) each had their central sequences derived 
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TABLE 11 


ADOPTED MAGNITUDE STANDARDS 














S.A. 158 
Star H.A. 102 IPg | HPr(103aE) 
a | 3291 8.97 | 8.10 
a’ CPD—30° 5511 9.40 | 9.18 
b | 3557 9.77 | 8.48 
c 667 | 10.39 | 10.42 
c 2551; 10.66 | 10.50 
d 1241; 10.87 | 10.11 
e | 3800; 11.05 | 10.56 
b’ | CPD—31° 5533 | 11.06 | 9.36 
f mi «6s | lc 
d’ | CPD—30° 5530} 11.25 | 9.92 
g | 4379 11.40 | 10.56 
i 503} 11.60 | 10.78 
h | 4291 mw 6} 
j 3188 12.28 11.44 
k 4579| 12.39 10.87 
k’ 2334| 13.07 12.10 
l 3163 13.23 11.23 
m 4380 13.56 12.56 
n | 3178| 14.03 | ae 
m 3149 14.51 | 11.90 
Probable Error +0.03 | +0.04 
S.A. 193 

Star | H.A. 103 | IPg HPr(103aE) 
a 2622} 831 | 7.92 
a’ | 2509} 868 | 8.31 
b! | 313 9.02 | 8.65 
b 940 | 9.52 | 9.65 
c | 875 988 | 9,99 
d | 4584 989 | 10.12 
h 3074; 10.29 | 8.76 
e | 4082| 1041 | 10.55 
g 4709| 10.55 10.27 
f 4879| 10.77 | 11.00 
k’ 4818 10.99 | 10.67 
j | 3056} 11.35 | 11.52 
j’ 2796 11.60 | 11.67 
l 2669 12.68 12.12 
m 2739 12.74 12.26 
n 2520 | 13.47 

o 4083| 14.00 | 

p | 2512| 14.21 

q eS Ae ee 
Probable Error | +£0.03 | -+0.05 


from eight straight comparisons with S.A. 193 
on blue plates. In addition one set of over- 
lapping plates connected the Eta Carinae Field 
with S.A. 193 by means of ‘“‘stepping-over 
sequences’”’ and one set connected the Eta 
Carinae and the Vela Fields. Photo-red magni- 
tudes have been determined for these two fields, 
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eight direct comparisons having been made with 
S.A. 193 in the case of the Eta Carinae sequence, 
and seven in the case of the Vela sequence. 

The probable errors of individual mean magni- 
tudes for these central sequences are of the order 
of +0.05. All sequences have been measured 
to a magnitude limit of about 16.5, and the re- 
ductions to date have been carried out to about 
m = 14.0. The reductions of the measures of 
the fainter stars are awaiting further work on 
the key sequences for stars fainter than m = 14. 

The magnitudes of the fainter stars are being 
derived in part from our measures of objective- 
grating plates made with the 24-inch Bruce and 
10-inch Metcalf cameras. There are also avail- 
able a considerable number of series intercom- 
parison plates in blue and red taken with the 
ADH telescope, but the measurement of these 
plates has not yet begun. The results of this 
work will be reported at a later date. 
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I. THE HEMOGLOBIN MOLECULE IN HEALTH 


HEMOGLOBIN is one of the most interesting 
chemical substances in the world—to me it is the 
most interesting of all. Each of us carries around 
with him his own supply, amounting to a pound 
or two, approximately one per cent of the body 
weight. This supply is in the red corpuscles of 
the blood. Hemoglobin is the pigment of blood: 
it has a beautiful red color in arterial blood, and 
a purple color in venous blood. It is hemoglobin 
that gives a pink flush to our skin; we are pale 
when there is a deficiency of hemoglobin in the 
skin, either because of a general deficiency of the 
substance in the body, an anemia, or because 
blood is driven from the skin to the interior of the 
body by the contraction of the blood vessels in 
the skin. 

The red corpuscles in man are flattened disks 
about 70,000 A in diameter and 10,000 A thick. 
In an ordinary microscope they have the appear- 
ance shown in figure 1. These red cells are sus- 
pended in the plasma of the blood, and they con- 
stitute about one third of the blood. They are 
full of hemoglobin, which makes up about 35 per 
cent of each red cell. There are about 100 mil- 
lion hemoglobin molecules in each red cell; this 
number is small in part because the red cell itself 
is small, and in part because the molecules of 
hemoglobin are large. Their molecular weight is 
68,000, which may be compared with 18 for water, 
46 for ethyl alcohol, and 342 for sucrose. The 
molecule contains about 10,000 atoms, of carbon, 
nitrogen, hydrogen, oxygen, sulfur, and other ele- 
ments. There are four atoms of iron in the 
molecule, which play a special part in the principal 
function of hemoglobin, that of combination with 
oxygen. 

The main work done by the blood is that of 
carrying oxygen from the lungs to the tissues, 
and carbon dioxide and other products of break- 
down of tissues and foods to the lungs and excre- 
tory organs. The hemoglobin molecule is in- 
volved in carrying oxygen from the lungs to the 
tissues and in carrying carbon dioxide from the 


tissues to the lungs. The hemoglobin molecule 
can combine with four molecules of oxygen; the 
resultant oxyhemoglobin is bright red in color. 
In the tissues, where the partial pressure of oxy- 
gen is less than in the lungs, it gives up part of its 
load of oxygen, which then is used in oxidation 
reactions of various sorts. The carbon dioxide 
produced by oxidation of compounds containing 
carbon is then carried by the blood back to the 
lungs, and released in the exhaled air. 

The four oxygen molecules that can be taken 
up by the hemoglobin molecule attach themselves 
to the four iron atoms that are present in the 
molecule. These iron atoms are present as the 
central atoms in complexes called hemes, with the 
structure shown in figure 2. These four flat 
groups of atoms are present in the hemoglobin 
combined with the rest of the molecule, a protein 
called globin. It is the hemes that are responsible 
for the color of hemoglobin. The nature of the 
bonds in the hemoglobin molecule has been eluci- 
dated in considerable part by the study of the 
magnetic properties of hemoglobin. It was dis- 
covered over fifteen years ago’ that venous blood 
is paramagnetic—that is, it is attracted into a mag- 
netic field—whereas arterial blood is diamagnetic, 
and these magnetic properties have been found 
to be closely correlated with the bonding of the 
iron atoms. 

Although some of the carbon dioxide that is 
carried by the blood from the tissues to the lungs 
is in chemical combination with hemoglobin, most 
of it is carried in solution in the blood. The 
hemoglobin contributes to this mechanism of 
transport of carbon dioxide in a very ingenious 
manner. There are in the hemoglobin molecule 
four acid groups which are coupled with the heme 
groups in such a way that their acidity is greater 
for an oxygenated heme than for a deoxygenated 
heme. Accordingly when the blood reaches the 


1 Pauling, L., and C. D. Coryell, The magnetic prop- 
erties and structure of hemoglobin, oxyhemoglobin, and 
carbonmonoxyhemoglobin, Proc. Nat. Acad. Sci. 22: 
210-216, 1936. 
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At the left a drawing of normal human red cells, as seen through the ordinary microscope; at the right, 


sickled red cells, present in the venous blood of patients with sickle-cell anemia. 


lungs, and oxygen molecules attach themselves 
to the iron atoms of the four heme groups in the 
hemoglobin molecule, the acid groups coupled 
with these heme groups become stronger, and 
liberate hydrogen ions. This increase in acidity 
of the blood causes some of the bicarbonate ion 
dissolved in the blood to change to carbonic acid, 
H.CO,, which then breaks down to water and 
carbon dioxide. The heme-linked acid groups 





Fic. 2. 


A heme group, the compound of an iron atom 
and a protoporphyrin molecule. Four of these hemes 
are present in the hemoglobin molecule; they are 
responsible for the red color of hemoglobin, and 
also are involved in the combination of hemoglobin 
with oxygen. 


assist in this way in the liberation of carbon di- 
oxide in the lungs. Similarly when the blood 
containing oxyhemoglobin reaches the tissues, and 
the oxygen is liberated from the hemoglobin, the 
acid groups become weaker, and the blood becomes 
more basic, thus increasing the solubility of carbon 
dioxide in the blood, and assisting in removing 
it from the tissues. 

It may well be that the hemoglobin molecule 
carries out other functions, but not so much is 
known about them as about these functions of as- 
sisting in the transport of oxygen from the lungs 
to the tissues and of carbon dioxide from the 
tissues to the lungs. 

There are many different kinds of hemoglobin. 
All vertebrate animals and many invertebrate ani- 
mals use hemoglobin as an oxygen carrier, and 
the hemoglobin molecule is, so far as is known, 
different for every animal from that of every 
other animal. The differences may be small, but 
they are detectable by the sensitive methods of 
examination of crystals of the substances, and 
testing with antisera that are produced by in- 


jection of hemoglobin of different sorts into ani- 


mals. The differences are due entirely to the pro- 
tein part of the molecule, the globin; the heme is 
the same in all hemoglobins that have yet been 
investigated. 

In some animals, including man, a different sort 
of hemoglobin is present in the blood of the fetus 
from that in the blood of the mature animal . Hu- 
man fetal hemoglobin makes up all of the blood in 
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the human fetus until about two months before 
birth. At this epoch there usually begins to ap- 
pear some adult hemoglobin, which normally has 
completely replaced the fetal hemoglobin by two 
months after birth. 

Our information about the nature of hemoglobin 
is due to many investigators. The striking sig- 
moid shape of the oxygen equilibrium curve was 
discovered by Barcroft, and the first attempts to 
explain it were made by A. V. Hill. The molecu- 
lar weight of hemoglobin was determined by Adair, 
through the measurement of the osmotic pressure 
of a hemoglobin solution. The effects of the heme- 
linked acid groups were discovered by Bohr and 
Hasselbalch. The structure of heme was eluci- 
dated by Hans Fischer, and the nature of the 
bonds between the iron atom and the surrounding 
atoms was determined by magnetic investigations." 
In recent years much information about the hemo- 
globin molecule has been obtained through the 
x-ray and optical investigations of Perutz and 
his co-workers. The identification of the groups 
in the globin that are adjacent to the iron atoms 
of the hemes, as imidazole rings of histidine side 
chains, was made by J. B. Conant. Measure- 
ments of the heat of oxygenation of hemoglobin 
solutions, made by J. Wyman, Jr., have been valu- 
able in this identification. 


Il. THE HEMOGLOBIN MOLECULE 


IN DISEASE 

Until recently it was thought that all adult hu- 
man beings had the same kind of hemoglobin mole- 
cules in their red cells. Then it was discovered * 
that an abnormal form of hemoglobin is present in 
the red cells of people suffering from the disease 
sickle-cell anemia, and more recently still other 
abnormalities have come to light. 

Sickle-celi anemia is a hereditary disease that 
is prevalent among Negroes. It is characterized 
by the extraordinary aspects of the red cells in 
the venous blood. The red cells in fresh arterial 
blood seem to be normal; those in venous blood, 
or in arterial blood kept for some time away from 
contact with air, or to which an agent that re- 
moves oxygen has been added, have an abnormal 
form, as shown in figure 1. They are twisted 
into crescent or sickle-like shapes, with longest 
dimension considerably greater than that of the 
normal cell. They become pleochroic, indicating 


2 Pauling, L.. H. A. Itano, S. J. Singer, and I. C. 
Wells, Sickle cell anemia, a molecular disease, Science 
110: 543-548, 1949. 
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that the hemoglobin molecules have been oriented, 
and they are quite rigid—the normal cell is almost 
jelly-like in its flexibility, but when sickling oc- 
curs the cell loses this flexibility, so that it has 
been described as appearing to be as rigid as a 
crystal of ice as it moves about and abuts against 
fixed objects. These distorted cells, which seem 
also to be sticky, have difficulty in passing through 
capillaries, many of which are so small as just to 
allow passage of normal erythrocytes in single 
file. When sickling becomes enhanced, in a crisis 
of the disease, the capillaries become jammed with 
red cells, and the flow of blood is prevented. The 
interference with the flow of blood leads to anoxia, 
and consequent damage to the tissues. All of the 
clinical manifestations of the disease seem to be 
due to this effect. These clinical manifestations 
include pains in the bones and joints, kidney dam- 
age, damage to other organs, poor circulation in 
the extremities leading to chronic indolent skin 
ulcers, and poor development of the extremities. 
The malformed red cells tend to be removed from 
the circulation by the spleen and leucocytes, and 
this removal of the red cells leads to the character- 
istic anemia. The spleen becomes small and fi- 
brotic because of numerous thromboses, so that 
after several crises of the disease there is little 
circulation of the blood through it. 

From this description of the disease it would 
seem that it involves a pathology of the red cell, 
and is to be considered, like other ‘diseases, to be 
a cellular disease. However, the extraordinary 
fact that sickling occurs in the venous blood and 
not in the arterial blood suggested strongly that 
the hemoglobin molecule is involved. This con- 
clusion was given greater probability by the fact 
that sickle-cell-anemia blood saturated with car- 
bon monoxide does not contain sickled cells, even 
in the absence of oxygen; carbon monoxide com- 
bines with hemoglobin, to form carbonmonoxy- 
hemoglobin, which is closely similar to oxyhemo- 
globin in nature, whereas the other properties of 
carbon monoxide are much different from those of 
oxygen. As a result of these considerations a care- 
ful study was made of the contents of red cells 
from sickle-cell-anemia patients, in order to see 
whether or not differences in properties of the 
hemoglobin present in these red cell contents 
and normal hemoglobin could be detected. This 
investigation led to the discovery that the red cells 
of patients with sickle-cell anemia contain an 
abnormal hemoglobin, and no normal adult human 
hemoglobin.? Sickle-cell anemia was in this way 
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found to be a molecular disease, involving a path- 
ological hemoglobin molecule; it is the first dis- 
ease to be clearly characterized as a molecular 
disease. 

The property used to show the difference be- 
tween sickle-cell-anemia hemoglobin and normal 
adult hemoglobin was its electrophoretic mobility 
—the motion of molecules, in aqueous solution, 
in an applied electrical field, as determined with 
use of the Tiselius electrophoresis apparatus. The 
electrophoretic patterns for normal adult human 
hemoglobin, sickle-cell-anemia hemoglobin, sickle- 
cell-trait hemoglobin, and a mixture of normal 
adult human hemoglobin and_sickle-cell-anemia 
hemoglobin are shown in figure 3. Under the 
conditions of this study (phosphate buffer of 0.1 
ionic strength and pH 6.90), the molecules of 
normal adult hemoglobin have a negative charge, 
and move toward the anode, whereas those of 
sickle-cell-anemia hemoglobin have a_ positive 
charge, and move toward the cathode. The dif- 
ference in electrical charge amounts to about three 
electronic units per molecule, and corresponds to 
a difference in isoelectric point of 0.2 pH units. 

The third pattern in figure 3 is that of the red- 
cell contents of a person with sickle-cell trait, a 
carrier of the disease sickle-cell anemia. These 
people are not ill—they do not show the symptoms 
of sickle-cell anemia, nor do they have in their 
venous circulation any large number of sickled 
cells. Their red cells can be made to sickle, how- 
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@) Normal @ Sickle Trait 


‘ 
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» Sickle Anemia d) Mixture of a) and b) 


Carbon Monoxy Hemoglobins in Phosphate Buffer pH 6.90 


Fic. 3. The electrophoretic patterns for (a) normal 
adult human hemoglobin, (0b) _ sickle-cell-anemia 
hemoglobin, from the red cells of patients with sickle- 
cell anemia, (c) sickle-cell-trait hemoglobin, which 
is indicated to be a mixture of normal adult human 
hemoglobin and sickle-cell-anemia hemoglobin, and 
(d) a mixture of normal adult human hemoglobin 
and sickle-cell-anemia hemoglobin, prepared by mix- 
ing the red-cell contents from normal blood and 
sickle-cell-anemia blood. 
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ever, though not so easily as those of patients with 
sickle-cell anemia. It is seen from the electro- 
phoresis pattern that their hemoglobin is a mix- 
ture of normal adult human hemoglobin and 
sickle-cell-anemia hemoglobin. Usually there is 
about 60 per cent normal adult hemoglobin, and 
40 per cent sickle-cell-anemia hemoglobin, but 
the ratios vary rather widely.*:* Both parents of 
sickle-cell-anemia patients are in general found 
to have sickle-cell trait. 

The results of the investigation of the hemo- 
globin of individuals with sickle-cell trait and 
sickle-cell anemia clarify the genetics of the dis- 
ease, and lead to conclusions identical with those 
reached by Neel ® by direct genetic studies ; name- 
ly, that the gene responsible for the sickling char- 
acteristic is in heterozygous condition in individ- 
uals with sickle-cell trait, and in homozygous 
condition in those with sickle-cell anemia. The 
existence of normal hemoglobin and _ sickle-cell- 
anemia hemoglobin in individuals with sickle-cell 
trait is, according to this postulate, a result of the 
presence in the cells of these individuals of an 
allele for normal hemoglobin and an allele for 
sickle-cell-anemia hemoglobin. In the cells of 
patients with sickle-cell anemia there are two 
doses of the sickle-cell allele and a complete ab- 
sence of the normal hemoglobin allele, whereas in 
the cells of normal individuals there are two doses 
of the normal hemoglobin allele. 

The fact that the blood of individuals with 
sickle-cell trait usually contains normal hemoglobin 
in somewhat larger amount than sickle-cell-anemia 
hemoglobin, the ratio of the two being somewhat 
different for different individuals, has been 
ascribed recently by Itano * to a genetic difference 
of rate of manufacture of normal hemoglobin, as 
compared with the rate of manufacture of sickle- 
cell-anemia hemoglobin. 

After the discovery of the existence of an ab- 
normal form of adult human hemoglobin in sickle- 


3 Wells, I. C., and H..A. Itano, Ratio of sickle-cell- 
anemia hemo-lobin to normal hemoglobin in sicklemics, 


Jour. Biol. Chem. 188: 65-74, 1951. 


4Neel, J. V., I. C. Wells, and H. A. Itano, Familial 
differences in the proportion of abnormal hemoglobin 
present in the sickle cell trait, Jour. Clin. Invest. 30: 
1120-1124, 1951. 

5 Neel, J. V., The inheritance of sickle cell anemia, 
Science 110: 64-66, 1949; The inheritance of the sickling 
phenomenon, with particular reference to sickle cell 
disease, Blood 5: 389-412, 1951. 

6 Itano, H. A., The inheritance of three molecular spe- 


cies of adult human hemoglobin; a paper submitted for 
publication. 
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cell-anemia patients and individuals with sickle- 
cell trait, two more types of abnormal adult hu- 
man hemoglobin were discovered. The second 
abnormal hemoglobin, hemoglobin c (the letters 
a and b being used to represent normal adult 
human hemoglobin and sickle-cell-anemia hemo- 
globin, respectively), was discovered by Itano 
and Neel.” It differs in its isoelectric point from 
normal adult human hemoglobin by twice as much 
as does sickle-cell anemia hemoglobin. Its pres- 
ence in blood is easily shown by an electrophoretic 
experiment. Four patients, suffering with a dis- 
ease that had been diagnosed as sickle-cell anemia, 
were found to contain in their red cells roughly 
equal amounts of sickle-cell-anemia hemoglobin 
and abnormal hemoglobin c. Investigation of 
the parents showed one parent to be an individual 
with sickle-cell trait: his red cells were found 
to contain roughly equal amounts of normal human 
hemoglobin and _ sickle-cell-anemia hemoglobin ; 
whereas the other parent was found to be a car- 
rier of the new abnormal hemoglobin c, with red 
cells containing roughly equal amounts of normal 
human hemoglobin and hemoglobin c. The rules 
of Mendelian genetics would lead to the prediction 
that about one quarter of the children should be 
of genetic type bc, and should contain in their red 
cells approximately equal amounts of sickle-cell- 
anemia hemoglobin b and the new abnormal hemo- 
globin c. The type of anemia resulting from this 
genetic constitution must be considered a new dis- 
ease. It is similar to sickle-cell anemia in that the 
red cells sickle nearly as. readily as those of a 
sickle-cell-anemia patient, and it is presumably 
this phenomenon that causes the clinical mani- 
festations of the disease. The carriers of the new 
abnormality, like the carriers of sickle-cell anemia, 
are not anemic. Moreover, their red cells cannot 
be made to sickle. 

Another abnormal form of hemoglobin, hemo- 
globin d, has also been recognized by Itano.* 
The electrophoretic properties of hemoglobin d 
are very closely similar to those of sickle-cell- 
anemia hemoglobin. However, the solubility char- 
acteristics of hemoglobin d are different from those 
of sickle-cell-anemia hemoglobin, and, moreover, 
the cells of carriers of hemoglobin d cannot be 
made to sickle. The new disease, shown by in- 


*Itano, H. A., and J. V. Neel, A new inherited ab- 
normality of human hemoglobin, Proc. Nat. Acad. Sci. 
36: 613-617, 1950. 

8 Itano, H. A., A third abnormal hemoglobin associated 


with hereditary hemolytic anemia, Proc. Nat. Acad. Sci. 
37: 775-784, 1951. 
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dividuals with sickle-cell-anemia hemoglobin and 
hemoglobin d in their erythrocytes, is similar in 
nature to sickle-cell anemia. 

So far individuals of seven genetic types, in- 
volving hemoglobins a, b, c, and d, have been dis- 
covered: the types represented are aa (normal in- 
dividuals), ab (individuals carrying sickle-cell 
trait), bb (patients with sickle-cell anemia), ac 
(carriers of the second abnormal hemoglobin c), 
be (patients with the first new disease, involving 
the inheritance of a sickle-cell-anemia allele and an 
allele for the second abnormal hemoglobin, c), 
ad (carriers of the third abnormal hemoglobin, 
d), and bd (patients with the second new 
disease, resulting from the inheritance of a 
sickle-cell-anemia allele and an allele of the third 
abnormal hemoglobin, d). Individuals of types 
cc, homozygous in abnormal hemoglobin c, and 
dd, homozygous in abnormal hemoglobin d, have 
not yet been discovered, nor have individuals of 
type cd, carrying both of these two abnormal 
alleles. 

Hematological abnormalities involving human 
fetal hemoglobin have recertly been discovered. 
Last year it was reported by Liquori® that the 
hemoglobin of some individuals with thalassemia 
major (Cooley’s anemia, Mediterranean anemia) 
contained approximately 50 per cent normal hemo- 
globin and 50 per cent human fetal hemoglobin. 
Further studies by Alexander Rich *° led to the 
discovery of two patients with thalassemia major 
whose red cells contained 100 per cent (to within 
5 per cent) of fetal hemoglobin, although these 
patients were past the fetal stage (age two years). 
Itano ™! has found that human fetal hemoglobin 
is present in small amount in the red cells of sickle- 
cell-anemia patients, and, together with sickle-cell- 
anemia hemoglobin and normal hemoglobin, in the 
blood of individuals who have inherited the thal- 
assemia gene and the sickle-cell-anemia gene. 
There thus exists strong indication that the pres- 
ence of severe anemia can cause the continued 
manufacture of fetal hemoglobin, in an effort to 
counteract the anemia. Fetal hemoglobin has also 
been reported by Singer, Chernoff, and Singer ** 

® Liquori, A. N., Presence of foetal haemoglobin in 
Cooley’s anemia, Nature 167: 950-051, 1951. 

10 Rich, A., Studies on the hemoglobin of Cooley’s 
anemia and Cooley's trait, Proc. Nat. Acad. Sci. 38: 
187-196, 1952. 

11Jtano, H. A., The identification of fetal hemoglobin 
in sickle-cell anemia by electrophoretic, spectrophoto- 
metric, and solubility studies; unpublished investigation. 


12 Singer, K., A. I. Chernoff, and L. Singer, Studies 
on abnormal hemoglobins, Blood 5: 413-435, 1951. 
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to be present in the blood of adult patients suffer- 
ing from anemias secondary to leukemia or carci- 
noma. 


Ill. THE STRUCTURE OF THE 
HEMOGLOBIN MOLECULE 


Although it has not been found possible as yet 
to make a complete structure determination for 
any hemoglobin molecule, a large amount of evi- 
dence bearing on the problem has been obtained, 
and many features of the structure can now be dis- 
cussed with confidence. 

Much of our knowledge about this molecule 
has been obtained through the vigorous efforts 
of M. Perutz and his collaborators at Cambridge 
University. Their x-ray studies '*:'* have led 
to the conclusion that the hemoglobin molecule 
(horse hemoglobin) is about 57 A long, and that 
its dimensions in the other two directions are 
about 40 or 50 A. Moreover, strong evidence has 
been obtained by Perutz that the molecule con- 
sists of rods of polypeptide chains extending in the 
57-A direction. These rods are about 10.5 A in 
diameter, and they are packed together in approxi- 
mate hexagonal packing. There is considerable 
experimental evidence supporting the suggestion *° 
that the rods are based upon a helical configuration 
of polypeptide chains, the configuration being that 
of the a helix, in which the coiling, with formation 
of hydrogen bonds between planar amide groups, 
is such as to correspond to about 3.7 residues per 
turn of the helix.’*.** Strong support of this 
suggestion was then obtained by Perutz '* through 
the discovery that suitably oriented crystals of 
hemoglobin give an x-ray reflection with spacing 
1.50 A, representing the collaboration of succes- 
sive residues in the helix, which are spaced 1.50 A 
apart along the helical axis. These helical rods 
are indicated in figure 4, the details of their ar- 


13 Boyes-Watson, J., E. Davidson, and M. F. Perutz, 
An x-ray study of horse methaemoglobin, Proc. Roy. 
Soc. A191: 83-132, 1947. 

14 Perutz, M. F., An x-ray study of horse methaemo- 
globin. II, Proc. Roy. Soc. A195: 474-499, 1949. 

15 Pauling, L., and R. B. Corey, The polypeptide chain 
configuration in hemoglobin and other globular proteins, 
Proc. Nat. Acad. Sci. 37: 282-285, 1951. 

16 Pauling, L., R. B. Corey, and H. R. Branson, The 
structure of proteins: two hydrogen-bonded helical con- 
figurations of the polypeptide chain, Proc. Nat. Acad. 
Sci. 37: 205-211, 1951. 

17 Pauling, L., and R. B. Corey, Atomic coordinates 
and structure factors for two helical configurations of 
polypeptide chains, ibid. 37: 235-240, 1951. 

18 Perutz, M. F., New x-ray evidence on the configura- 
tion of polypeptide chains, Nature 167: 1053-1054, 1951. 
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rangement being, however, hypothetical. There 
are only five or six polypeptide chains in the 
molecule, and accordingly some of the rods must 
be connected with one another, as a single poly- 
peptide chain. 

In addition to the polypeptide chains of the pro- 
tein part of the molecule, globin, the hemoglobin 
molecule contains four heme groups, the structure 
of which is completely known. These molecules 
are conjugated systems, and are essentially planar 
in configuration. Their orientation in a crystal 
can be determined by measurement of the pleo- 
chroism of the crystal, since the light is absorbed 
only when the electric vector of the light wave 
has a component in the plane of the molecule. It 
was found by Perutz *® that in crystals of horse 
carbonmonoxyhemoglobin all of the heme groups 
lie in parallel orientations, their planes being 
perpendicular to the 57-A axis of the hemoglobin 
molecule, which is also an axis of the crystal. 
We thus know that the four hemes are to be at- 
tached to the globin in such a way that their planes 
are normal to the direction of the polypeptide 
rods. 

In figure 4 the hemes are shown with this ori- 
entation, but not attached at the ends of the 
hemoglobin molecule; instead they are shown in- 
serted in slits between layers of globin. The most 
direct evidence in support of this position is pro- 
vided by measurements of the combining power 
of hemoglobin with alkyl isocyanides.*® It has 
been assumed for twenty years, since the sugges- 
tion by Conant, that a heme group is attached by 
the iron atom, on one side of the plane of the 
group, to an imidazole nitrogen atom of a histidine 
side chain, and that the oxygen molecule or other 
ligand attaches itself to the iron atom on the other 
side of the plane of the heme group. Detailed in- 
formation about the nature of the bonds formed 
by the iron atom has been obtained through the 
investigation of the magnetic properties of hemo- 
globin and oxyhemoglobin,’ and it is known that 
in hemoglobin itself the iron atom forms bonds 
of essentially ionic nature with adjacent atoms, 
whereas in oxyhemoglobin and similar compounds 
the iron atom forms six covalent bonds, which 
are directed towards the corners of an octahedron. 
These six bonds are formed with the four nitro- 


19 Perutz, M. F., Absorption spectra of single crystals 
of haemoglobin in polarized light, Nature 143: 731, 1939. 
20 St. George, R. C. C., and L. Pauling, The combining 
power of hemoglobin for alkyl isocyanides, and the na- 


ture of the heme-heme interactions in hemoglobin, Science 
114: 629-634, 1951. 
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A drawing indicating some of the features of the structure of the hemoglobin molecule, and the postulated 
of sickle-cell-anemia erythro cytes. 


The four hemes are indicated to be contained within 


slits in the hemoglobin molecule, their planes being perpendicular to the axes of the helieal rods in the protein. 
At the right the molecules of sickle-cell-anemia hem oglobin, without oxygen attached to the hemes, are shown 
as having self-complementary configurations, which permit them to aggregate into long strings of molecules. 
At the left, the addition of oxygen or other ligand to the hemes is shown as swelling them enough to destroy 
the self-complementariness of the molecules, thus interfering with the formation of the aggregates. 


gen atoms of the porphyrin molecule, which lie in 
the plane of the molecule, and with the nitrogen 
atom of the imidazole ring, to one side of the 
plane, and the oxygen molecule or other ligand, 
to the other side of the plane. The fact that the 
compounds ethyl isocyanide, isopropyl isocyanide, 
and tertiary butyl isocyanide show successively 
smaller combining powers- with hemoglobin, al- 
though their combining powers with free heme 
groups are essentially the same, provides strong 
evidence that there is steric interference with the 
attachment of the isocyanide molecule, and this 
steric interference can be produced only by a part 
of the globin molecule. Accordingly the conclu- 
sion is reached that there is part of the globin 
molecule on each side of the heme group, as 
sketched in figure 4. Many other pieces of in- 
formation are compatible with this structure, and 
difficult to interpret in terms of a structure in 
which the heme groups are attached to the sur- 
face of the globin. In particular, this model pro- 
vides an explanation of the nature of the oxygen 
combining curve of hemoglobin—the fact that a 
second oxygen molecule, and a third and fourth, 
attach themselves to the hemoglobin molecule 
more readily than does the first. 

We may now ask about the nature of the dif- 
ference in structure of the abnormal human hemo- 


globins and normal adult human hemoglobin. 
First, it is found that the heme groups in sickle- 
cell-anemia hemoglobin, which has been investi- 
gated more than hemoglobins c and d, are identical 
with protoheme, the heme present in normal 
hemoglobin. The abnormality is thus to be at- 
tributed to the globin part of the hemoglobin. 
An obvious suggestion is that there is a differ- 
ence in amino-acid composition of sickle-cell- 
anemia hemoglobin and normal adult human hemo- 
globin. Determination of the amino-acid compo- 
sition of these two hemoglobins has, however, led 
to the discovery of no abnormality.* <A differ- 
ence of one or two residues of one or another 
amino acid might be permitted by the analyses, 
but no difference is required by them. In addi- 
tion, studies of the end groups have shown that 
there are present in sickle-cell-anemia hemoglobin, 
as well as in normal adult human hemoglobin, 
about five or six end groups with free amino 
groups, and that the amino acid represented, va- 
line, is the same for sickle-cell-anemia hemoglobin 
as for normal adult human hemoglobin.?? The 


21 Schroeder, W. A., L. M. Kay, and I. C. Wells, 
Amino acid composition of hemoglobins of normal Ne- 
groes and sickle cell anemics, Jour. Biol. Chem. 187: 
221-240, 1950. 

22 Havinga, E., and F. C. Green, End-group analyses 
of sickle-cell hemoglobin; unpublished investigation. 
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uncertainty in this investigation is about one 
residue. 

Electrophoretic studies on the globins obtained 
from sickle-cell-anemia hemoglobin and normal 
adult human hemoglobin by careful removal of 
the hemes have shown that there is a difference in 
electrical charge on the globin molecules approxi- 
mately the same as that on the two kinds of 
hemoglobin.** If the globin is treated with 
guanidinium chloride in solution, and the guani- 
dinium chloride is then removed by dialysis, the 
resultant globins, which might be described as 
denatured globins, have a changed mobility, this 
mobility being identical to within the experimental 
error for sickle-cell-anemia denatured globin and 
normal adult human denatured globin.** There is 
thus indication that the polypeptide chains in- 
volved in sickle-cell-anemia globin are the same as 
those involved in normal adult human globin, and 
that the difference in structure between these mole- 
cules is simply a difference in the way in which 
the polypeptide chains are folded. In order to 
account for the difference in electrical charge it 
is necessary to assume that the difference in fold- 
ing changes the acid strength of some of the 
groups in the molecule. If this hypothesis is 
correct, we shall have to conclude that there is a 
gene in the cells of the human body that is re- 
sponsible for the folding of the polypeptide chains, 
in the proper way, in the manufacture of adult 
hemoglobin. 

In the paper announcing the discovery of sickle- 
cell-anemia hemoglobin? the mechanism of the 
sickling process was discussed in the following 
way. 


It is likely that it is the globins rather than the 
hemes of the two hemoglobins that are different. 
Let us propose that there is a surface region on the 
globin of the sickle-cell-anemia hemoglobin molecule 
which is absent in the normal molecule and which has 
a configuration complementary to a different region 
of the surface of the hemoglobin molecule. This 
situation would be somewhat analogous to that which 
probably exists in antigen-antibody reactions.24 The 
fact that sickling occurs only when the partial pres- 
sures of oxygen and carbon monoxide are low sug- 
gests that one of these sites is very near to the iron 
atom of one or more of the hemes, and that when 





23 Havinga E., and H. A. Itano, Electrophoretic studies 
on the globins of sickle-cell-anemia hemoglobin and 
normal adult human hemoglobin; unpublished investiga- 
tion. 

24 Pauling, L., A theory of the structure and process of 


formation of antibodies, Jour. Am. Chem. Soc. 62: 2643— 
2657, 1940. 
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the iron atom is combined with either one of these 
gases, the complementariness of the two structures 
is considerably diminished. Under the appropriate 
conditions, then, the sickle-cell-anemia hemoglobin 
molecules might be capable of interacting with one 
another at these sites sufficiently to cause at least a 
partial alignment of the molecules within the cell, 
resulting in the erythrocyte’s becoming birefringent, 
and the cell membrane’s being distorted to accom- 
modate the now relatively rigid structures within its 
confines. The addition of oxygen or carbon mon- 
oxide to the cell might reverse these effects by dis- 
rupting some of the weak bonds between the hemo- 
globin molecules in favor of the bonds formed be- 
tween gas molecules and iron atoms of the hemes. 


In the discussion of the combining power of 
hemoglobin with alkali isocyanides, and the pos- 
tulate that the heme groups are buried within the 
globin of the hemoglobin molecule,*° a further dis- 
cussion of the nature of the process of sickling was 
given, as follows: 


Our postulate provides an obvious explanation of 
the action of oxygen in preventing the sickling of 
sickle-cell-anemia erythrocytes. We have visualized 
the sickling process as one in which complementary 
sites on adjacent hemoglobin molecules combine. 
It was suggested that erythrocytes containing oxy- 
hemoglobin or carbonmonoxyhemoglobin do not 
sickle because of steric hindrance of the attached oxy- 
gen or carbon monoxide molecule. This steric- 
hindrance effect might be the distortion of the comple- 
mentary sites through the forcing apart of layers of 
protein, as is suggested by the isocyanide experiments. 


In figures 4 and 5 the postulated mechanism of 
interaction of sickle-cell-anemia hemoglobin mole- 
cules is illustrated. Because of the assumed com- 
plementariness in structure, the molecules of sickle- 
cell-anemia hemoglobin (without oxygen mole- 
cules or other molecules attached) could interact 
to form long chains of molecules. These long 
chains of molecules could attract one another into 
parallel orientation, causing the formation of a 
crystal or liquid crystal. Evidence has recently 
been obtained by Harris*° in support of this 
picture, through the observation that solutions of 


-sickle-cell-anemia hemoglobin, containing over 10 


per cent of the protein, form liquid crystals of the 
nematic type, with the shape of double circular 
cones. Also, Perutz and Mitchison ** have made 


25 Harris, J. W., Studies on the destruction of red 
blood cells. VIII. Molecular orientation in sickle cell 
hemoglobin solutions, Proc. Soc. Exptl. Biol. Med. 75: 
197-201, 1950. 

26 Perutz, M. F., and J. M. Mitchison, State of haemo- 
globin in sickle-cell anemia, Nature 166: 677-679, 1950. 
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molecules of normal hemoglobin or of oxygenated sickle-cell-anemia hemoglobin are shown, 
and at about the average distance apart characteristic of red-cell contents. 
right long strings of molecules of deoxygenated sickle-cell-anemia hemoglobin are shown 


At the 
, assuming the parallel 


orientation characteristic of the nematic liquid crystals that presumably form within the red cells in the venous 


blood of patients with sickle-cell anemia, 
the disease. 


a quantitative study of the pleochroism of sickled 
cells, and have shown that the pleochroism is 
compatible with this postulate, the orientation of 
the heme groups being as indicated in figure 4, 
namely, the planes of the heme groups being par- 
allel to the long axis of the sickled cell. 

In the postulated mechanism, the introduction 
of an oxygen molecule or carbon monoxide mole- 
cule causes an effective increase in thickness of 
the heme groups, and, as shown in figure 4, de- 
stroys the complementariness in configuration of 
the surfaces of the molecule, and thus prevents 
the formation of linear aggregates, and the sickling 
of the cells. 

On the basis of the available information we 
may surmise that the folding of the polypeptide 
chains in the globin of normal adult human hemo- 
globin is such that this 
structure is not present, 
pronounced. 


complementariness in 
or at any rate is not so 
The abnormal hemoglobins ¢ and 
d seem to be intermediate in nature; we assume 
that there is an approximate comp!ementariness 
shown by these molecules, which permits them 
to fit into the aggregates, together with sickle-cell- 
anemia hemoglobin molecules, although their own 
tendency to form aggregates is not sufficiently 
great to cause cells containing either of these 
abnormal hemoglobins together with normal adult 
human hemoglobin to sickle. 


and twist the red cells into the abnormal shape characteristic of 


Thus at the present time we have a considerable 
amount of knowledge of the structure of the nor- 
mal adult human hemoglobin molecule, and of the 


abnormal forms of this molecule that are respon- 


sible for three known molecular diseases. Al- 
though the knowledge of the structure of these 
molecules is as yet far from complete, it has led 
to the suggestion of possible methods of chemo- 
therapeutic treatment of the diseases, which are 
now under investigation. In the course of time, 
through continued attack on the problem, the com- 
plete structure of the hemoglobin molecule will 
be discovered, and the precise nature of the ab- 
normalities that are present in the molecules of 
sickle-cell-anemia hemoglobin, abnormal hemo- 
globin c, and abnormal hemoglobin d; we may feel 
confident that this knowledge will permit the 
deduction of improved therapeutic methods, and 
that in the future a similar attack on other dis- 
eases, through the determination of the structure 
of the molecules that are involved, 
made. 

I am indebted to Dr. Harvey A. Itano for his 
collaboration in work on hemoglobin and for as- 
sistance in the preparation of this paper. 


can also be 


IV. SUMMARY 


It has been discovered that, in addition to fetal 
human hemoglobin and normal adult human hemo- 
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globin, three abnormal forms of hemoglobin occur, 
in the red cells of certain iridividuals. One of 
these abnormal hemoglobins is associated with 
the disease sickle-cell anemia, and the two others 
are associated with two newly recognized here- 
ditary anemias, resembling sickle-cell anemia. 


These diseases are to be considered as not dis- 
eases of the red cell itself, but rather diseases 
involving molecular abnormalities. 
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Although it has not yet been found possible to 
determine completely the structure of the mole- 
cules of any form of hemoglobin, a considerable 
amount of information about the structure of 
these molecules has been obtained. On the basis 
of this information it is possible to suggest a 
plausible mechanism whereby the abnormal hemo- 
globin molecules produce the clinical manifesta- 
tions of the diseases. 
















Tus paper is a kind of bushwacking venture 
into a relatively unexplored area. Much has been 
said about democracy. Many tomes have been 
written about money. But there are no beaten 
trails between the two. Little has been done to 
find the link between these two great areas of 
current thought. 

As preparation for this venture, it may be well 
to re-examine certain aspects of our democracy. 
Recent events and writings all tell us that we can- 
not take democracy for granted. In a new book, 
Gerald W. Johnson points up this idea: “Demo- 
cracy is a dangerous form of government. The 
United States is a democracy The Amer- 
ican citizen has too many flatterers, telling him 
what a great and glorious thing it is to be an 
American, but never mentioning how difficult and 
dangerous it is.” ? 

Today's recognition of the dangers of democracy 
is a rebirth in modified form of a belief held by 
many political philosophers about the middle of 
the past century. Lord Macaulay stated the be- 
lief pungently in his letters to an American, H. S. 
Randall, in the year 1857. He had not, he said, 
“a high opinion of Mr. Jefferson.” ? He never 
indicated “an opinion that the supreme authority in 
a state ought to be intrusted to the majority of 
citizens—in other words to the poorest and most 
ignorant part of society. I have long been con- 
vinced that institutions purely democratic must 
sooner or later destroy liberty or civilization, or 
both.” ® 


The reason for anticipating the breakdown of 
democracy was, in Macaulay’s opinion, “Either the 
poor would plunder the rich, and civilization 


* The present draft of this paper was brought up 
to date March 1952 to include reference to certain 
U. S. Federal budget developments since the original 
presentation of the paper. 

1 Johnson, Gerald W., This American People, IX-X, 
N. Y., Harper & Brothers, 1951. 

2 Beatty, Richmond Croom, Lord Macaulay: Victorian 
Liberal, 364-372, Norman, Univ. of Oklahoma 
1938. 
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would perish; or order and prosperity would be 
saved by a strong military government and liberty 
would perish.” * 

It was the frontier with its room for expansion 
which seemed to Macaulay the present salvation 
of America, but as the frontier was occupied and 
the cities were crowded, as in Manchester or 
Birmingham, there would be periods of depression 
which would spell disaster. “It is plain that your 
government will never be able to restrain a dis- 
tressed and discontented majority. For with you 
the majority is the government, and has the rich 
who are always a minority, absolutely at its 
mercy.” ® 

Again, “I seriously apprehend that you will, 
in some such season of adversity as I have de- 
scribed, do things that will prevent prosperity from 
returning ; that you will act like people who should 
in a year of scarcity devour all the seed corn, and 
thus make the next year not of scarcity, but of 
absolute famine . There is nothing to stop 
you. Your constitution is all sail and no 
anchor.” ® 

Lord Macaulay was not alone in these views. 
They were held by a young man named de Tocque- 
ville who visited this country and wrote at length 
and acutely of what he saw. They were held by 
Lord Acton and others. 

These observations had, of course, the defects 
typical of conclusions in the social sciences. They 
were based on evidence that could not be verified 
and classified like the data of science. They were, 
at the best, interesting and stimulating hypotheses. 
They were colored by the teachings of Malthus 
before the vast inventions of machinery pushed 
back the Malthusian crises. The argument natur- 
ally failed to forecast the enormous increase in 
productivity of capitalism and its machines and 
management, which have raised the standard of 
living of the average man, have made him a home 
owner, an automobile owner, a capitalist himself. 
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This progress lessened the social pressures Ma- 
caulay visualized, made possible an increase in the 
quantity and quality of public education, which 
is in the long run the best safeguard of democracy. 

But the new stirring of the old questions about 
democracy shows that Macaulay’s apprehensions 
have not been fully laid to rest. The old doubts 
prevail in a new setting. Winston Churchill has 
said that democracy is the worst form of govern- 


ment—except for any other that has ever been 
devised. 


TODAY'S DANGERS TO DEMOCRACY 

In two World Wars the democracies were on 
the winning side, but by a perilously scant margin. 
Democracy showed its weak spot in its unpre- 
paredness. In the United States and England 
and France, the people—the majority—were un- 
willing to arm before they could smell the smoke 
of battle. As wars become more mechanized, 
it takes more time to arm. Looking ahead, the day 
may come when a new despotism, with the power 
to coerce its people, may find democracy fatally 
unprepared. That is one of the dangers of demo- 
cracy. 

Today’s democracies have become “welfare 
states” in which people increasingly have come 
to look to the government for relief, for pensions, 
for price props, for direct benefits of many sorts. 
In such a state the government employs directly 
a large and increasing number of people. It 
sends its checks or other bonanzas to a still larger 
number. Thus is vastly enlarged such a govern- 
ment’s power to keep itself in office. The es- 
sence of democracy is the power to change the 
rulers. With the “welfare state’ we have lost 
some of that power, how much we do not yet 
know. With the tighter grip of the rulers on 
power appear to have come greater corruption, 
lower public morals. How much is cause and 
effect we do not know. But here is clearly re- 
vealed another weakness of present-day democra- 
cies. 

MONEY DANGERS 


Another related question mark—and we deal in 
questions not verities—arises from the financing 
of the welfare state and the armed state. Such 
spending has to be paid for. Here we begin the 
journey through the bush into the area of money. 

The first way to try to pay for these things is by 
taxes, and taxes are always a burden to a civili- 
zation. Somewhere they reach a weight which 
is too great a burden. It proves to be too great 
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when the people rebel and find ways to avoid 
paying the taxes. That means inequality and in- 
justices and breaks down the moral fiber. The 
other form of overweight occurs when taxes re- 
duce incentive. We have commented how the 
great surge of enterprise has up to now, by rais- 
ing the standard of life, averted some of the 
threats to democracy Macaulay foresaw. When 
men reach the point where the government plucks 
away eighty to ninety cents of every new dollar 
earned, the zest to work hard to earn more dollars 
dwindles. Taxation is at that point in the United 
States today. 

Yet another new sort of financial danger threat- 
ens to undermine our way of life, and that is the 
trend towards continuing inflation. A_ recent 
series of articles in the London Economist pro- 
poses that we accept an upward price trend as an 
unavoidable and even desirable economic fact.’ 
In this country Sumner Slichter of Harvard has 
taken a similar but less extreme position.® 

The inflationary causes are present and power- 
ful. They include the cold war, which forces 
heavy spending by government, and the “welfare 
state,’ which year by year swells its demands. 
The great strength of organized labor makes for 
wage increases more rapid than the growth of 
productivity. The theory that full employment 
must always be maintained stimulates govern- 
ment to rush in and spend every time employ- 
ment lags. Price controls for agricultural pro- 
ducts, set up to aid stability, always tend to push 
prices upward, for the politically fixed price is 
always higher than the economic price. 

All of these forces crowd upward the price 
level and the cost of living. In theory the climb 
is slow and steady, but in practice once the direc- 
tion is generally recognized and people try to beat 
the game, the pace will be hard to control. 

It is difficult to see how any sensible person 
can accept this economic reasoning. The causes 
are indeed present. The danger is there. But 
can we sit back and allow the process to go for- 
ward? A scheme of life that gradually depre- 
ciates the savings of the prudent and thrifty will 
undermine the moral values of our democracy. 
And in the last analysis, democracy is fully as 


7A Correspondent, Agenda for the Age of Inflation— 
I, The Economist 5634: 382-384, 1951; II: ibid. 
5635: 435-437, 1951; III: 5636: 490-491, 1951. 

8 Slichter, Sumner H., Problems of Personal Saving 
in an Inflationary Economy, An Address before the 
Savings Banks Association of Massachusetts at Ports- 
mouth, New Hampshire, September 22, 1951. 
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much a moral attribute of a people as a physical 
one. 

Once we yield ground on the principle of price 
stability as an economic objective, where do we 
stop? What answer is there then to the agricul- 
tural pressure group that wants the prices of its 
products always a little higher; or labor, which 
wants constantly better wages ? 

The suggestion that a rising price trend is nec- 
essary and desirable is a concession of defeat to 
government by pressure groups. 

For the long-term results of such policies there 
is ample experience : in Germany and France after 
two wars; in many South American countries 
where the value of money has steadily declined; 
in the Far East. The long-term penalty is ac- 
celerating loss of the value of money, economic 
chaos, and stagnation. It is a situation in which 
the speculator and the political pressure group 
rob the thrifty. It is one which induces detailed 
controls which are the road to socialism. This 


is not the kind of economy that fits a democracy. 


HOW PROTECT OURSELVES? 


There are two ways of reacting to the dangers 
to democracy reviewed above. One is to accept 
them as part of the “trend” and therefore unavoid- 
able. The other is to deny their immutability and 
seek remedies. Surely in the light of the ups and 
downs, the abrupt changes in human experience, 
we cannot accept the trend theory as supported 
by history. Nor can we accept the implications 
for our democracy. 

The moment we take the second course and re- 
solve to change rather than accept the recent 
pattern of life, we find that the dangers are of 
separate sorts and in some measure antithetical. 
The danger of unpreparedness suggests too little 
centralized power of government; the other dan- 
gers suggest too much government—the govern- 
ment trying to do too many things—control too 
much of the life of the people. 

But perhaps there is no real contradiction here. 
Perhaps our problem is to re-define the powers 
and duties of the Federal Government, limit the 
kinds of powers to be exercised, and see that 
selected duties are well done. One reason we 
were unprepared may have been that the Govern- 
ment was so busy trying to do too many things 
better left to the states or the individual. The 
President and his ministers and the Legislative 
are so buried in a huge mass of detail that foreign 
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policy and the national defense may well suffer 
from competition of interest. 

This is a problem so huge and so overwhelming 
that facing it we hardly know where to find a 
place to grip. There is no single best answer. 
In the long run the operation of a democracy will 
depend on the education, understanding, and self- 
discipline of the people in specific relation to 
government, and the inculcation of sound tra- 
ditions. 

There are other general concepts to be nour- 
ished: the independence of the judiciary; the 
preservation of a government of checks and bal- 
ances under which the Legislative retains its 
separateness from the Executive ; the preservation 
of a lively sense of states’ rights. 

Without exploring these important concepts 
further, it is the purpose of this paper to suggest 
that there are keys to this problem in the area 
of money. Just as the decisions of family life 
are brought to a focus when family desires are 
measured against family pocketbook, so, in the 
Nation, money provides a method of national 
accounting and planning which can be understood. 


POCKETBOOK CONTROL 


If the money accounts of the Nation are sound- 
ly in order, it is the best assurance that the Na- 
tion itself is sound. This is not just a banker’s 
view, but we find statesmen free to acknowledge 
it. There is, for example, the statement made 
by Franklin Roosevelt on March 10, 1933 in one 
of his first messages to Congress. 


Upon the unimpaired credit of the United States 
Government, rest the safety of deposits, the security 
of insurance policies, the activity of industrial enter- 
prises, the value of our agricultural products and the 
availability of employment. The credit of the United 
States Government definitely affects those funda- 
mental human values. It, therefore, becomes 
first concern to make secure the foundation. Na- 
tional recovery depends upon it. Too often in recent 
history liberal governments have been wrecked on 


rocks of loose fiscal policy. We must avoid this 
danger. 


our 


The truth or falsity of this principle in practice 
is usually obscured by the complicated nature 
of economic events. To prove the causes and 
their results is next to impossible. This has been 
especially true in the United States in recent 
decades. The growth of invention and the pro- 
gress of industry under capitalism in raising the 
standard of living have been so great as to obscure 
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the negative factors. To put it crudely, we have 
been so rich, so powerful, so successful that we 
have violated with relative impunity many of the 
rules of National behavior. 

Fortunately, we have at hand, in recent years, 
demonstrations of the relation of money and eco- 
nomic progress which approach the precision of 
the laboratory. They are found in the experi- 
ence of certain European and Far Eastern coun- 
tries since the War. 

When we review the experience of these coun- 
tries for the postwar years, there is one economic 
principle related more closely than any other to 
their progress. In instance after instance, it 
has been demonstrated that the establishment of 
currencies in which people have confidence is the 
prime key to recovery. Belgium led the way by 
currency reform in 1944 and credit controls in 
1946 and 1947, including advances in discount 
rates of the Central Bank; and she enjoyed the 
first recovery. Germany wallowed in disorder 
until her money was made good in 1948 by cut- 
ting down the quantity. Italy made a startling 
recovery in 1948 and 1949 after she adopted 
adequate measures of money reform. The British 
loss of gold and dollars was reversed when in Sep- 
tember 1949 the pound sterling was given a real- 
istic value in which people could have confidence. 
In Europe, old-fashioned economic policies— 
tough ones, requiring political courage—have paid 
off. 

In each one of these cases there were two out- 
standing phases in the process of re-establishing 
sound money. This does not mean there were 
only two; sound money is a result of a whole 
range of economic policies, but two in particular 
seem to be essential. They are a sound fiscal 
policy and a sound monetary policy. The one 
is a problem of government spending and tax col- 
lections—the other is the control of bank credit 
through the Central Bank. 

In both of these policies the United States has 
in recent years violated the rules which we have 
insisted other countries should follow as a price 
of help from us directly or through the World 
Bank or Fund. We have violated the rules with 
less bad results than might be expected because 
of our very strength, but the evil results have 
been creeping up on us. They are indeed the 
very dangers to our democracy outlined earlier. 
And the best way to lessen these dangers is to 
tighten up on our fiscal and monetary policies. 
Bad policies don’t break us promptly as they do 
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weaker countries, but they eat into the core of our 
way of life. 


UNITED STATES FISCAL POLICY 


A sound fiscal policy as the representatives of 
the United States have laid it down for Germany, 
for Japan, for the Philippines, and for countries 
which have borrowed from us, means that the 
Nation lives within its income—does not spend 
more than it collects in taxes and does not tax 
so heavily as to stop enterprise. 

Yet the President of the United States has 
just presented a budget to the Congress that 
would mean a deficit of ten to fifteen billion dol- 
lars. Additional taxes suggested are those pre- 
viously refused by Congress and damaging in their 
effect on enterprise. In fact, present taxes prob- 
ably go beyond the point of diminishing returns. 

This is not the first unbalanced budget that 
has been presented, but it is probably the worst. 
In a period of great prosperity, huge National 
income, and limited military operations, to be 
unable to balance the budget is an ominous sign 
of bad policies. On prior occasions loud out- 
cries have been raised in and out of Congress, 
and Congress has promised to cut the spending. 
But the results have been meager. In the face of 
this record, many view the problem as hopeless 
without a change of administration. The truth 
about this view is that in the long run the spend- 
ing policies will reflect the will of the people, and 
the most effective expression of their will is in 
the choice of a President. 

Over and beyond the results of the next election, 
there is another specific battle to be fought for 
government economy, and that concerns the ma- 
chinery for voting money. The old methods are 
inadequate to the appalling demands of the modern 
state. In the past two decades, partly as a result 
of war, the balance of power between executive 
and legislative branches of the Government has 
been sadly altered. The key point is appropria- 
tions. It is there where the traditional checks 
and balances have been most weakened. 

’ The budget which the President hands the Con- 
gress in January each year is a book three inches 
thick. This book is prepared by experts in the 
Departments and the Budget Bureau, highly 
skilled at getting the money they want to spend. 

The two Congressional committees responsible 
for reviewing the budget and making their rec- 
ommendations to Congress have a total staff of 
less than a dozen, including clerks, for this pur- 
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pose. They are pressured by bureaus on one 


side and public groups on the other. Under this 
mechanism Congress has almost lost the power 
of the purse. A few courageous Congressmen 
have done their best to get behind the budget 
figures and cut off non-essentials. A substantial 
part of cuts made in one house of Congress are 
often restored, probably in good faith, through 
sheer inability to know what can safely be cut. 

Various proposals have been made to better 
this system. One is to provide the Congressional 
committees with a small expert staff to help find 
the places where the budget can be cut. 

In the spring of 1948, some hopeful experi- 
ments were made by Congressman John Taber, 
at that time Chairman of the House Appropria- 
tions Committee, in borrowing from research 
staffs of accounting firms, from business, and 
other organizations, a group of experts who went 
into the Government departments and scrutinized 
the budget figures. This expert examination of 
the figures and operations in the departments 
resulted in uncovering possible savings, many 
of which were given effect by the departments 
themselves. Some substantial cuts were also made 
by the Committees. 

When the House again went Democratic, the 
plan was dropped, although the law which au- 
thorized the program continues in force. 

Certain Senators and Congressmen, both in- 
dividually and in the committees of which they are 
members, have striven at various times to make 
some dent in this ever-growing mass of Federal 
expenditures. Senator Byrd and his Joint Com- 
mittee on Reduction of Nonessential Federal Ex- 
penditures have been particularly conscientious 
in this effort, and the Senator’s reports and re- 
leases have been extremely helpful in pointing 
out places where expenditures can be reduced. 
Often, research organizations have helped these 
legislators in compiling the necessary data which 
they do not have adequate staff and facilities for 
obtaining themselves, and analyzing the tremen- 
dously expanded Federal expenditure organiza- 
tion. Thus, the use of expert help is not untried, 
but the amount of such assistance has thus far 
been wholly inadequate. 

Another promising approach to better me- 
chanics of spending control is contained in a Joint 
Resolution introduced in the 1952 session of Con- 
gress by Congressman F. R. Coudert, Jr., of New 
York, Republican (H. J. Res. 371). This Reso- 


lution would place a limit of seventy-one billion 
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dollars on the amount of actual spending by the 
administration in fiscal 1952-1953. The amount 
is the estimated revenue from tax bills now on 
the books, recognizing that taxes have about 
reached their desirable limit. 

The first question this bill raises in most minds 
is whether it would hamper the National defense 
by cutting back military spending too much. One 
partial answer is that if military needs are so 
pressing there ought to be a stiff reduction in non- 
military spending. There is practically none. 

The other answer lies in the major strategy of 
the cold war. General Eisenhower has stated 
that Russia is unlikely to start a major war in 
the near future.? We face a long race rather than 
a sprint. We could lose the long race just as 
easily by over-straining the American economy as 
by being underarmed. A major tenet of the 
Soviet has been that the democracies would ruin 
themselves and bring on a depression, and thus 
encourage revolution from within. 

There is a very strong case indeed for cutting 
back non-defense spending and spreading mili- 
tary spending over a longer period as methods of 
keeping our total Government spending within 
our income. The newly announced military pro- 
gram, in spreading the aircraft program, has 
moved in this direction. The Coudert bill offers 
a further and more rigorous test of this plan. 
It ought to be fully debated. 

Military policy has faced a very different prob- 
lem from all-out war. No one knew or now knows 
for what we must be prepared, or how great is 
the risk of Russia’s starting an all-out war. We 
have the double task of conducting a limited ac- 
tion in Korea and laying the base for a possible 
much larger action. To the extent we are pre- 
pared, it acts as a deterrent to war. This coun- 
try’s problem is to weigh the military risks against 
the risk of impairing our economic strength, 
which is, in turn, basic to military power. The 
Coudert bill puts this question in definite terms. 
It is a question to be publicly debated rather than 
left to the military experts alone. 
ress to attempt the maximum protection. 
that is only one factor in public policy. 

A somewhat similar proposal to the Coudert 
bill was embodied in the Legislative Reorganiza- 
tion Act of 1946. In practice this ran into too 
many procedural and political hurdles. The Cou- 
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dert bill seems to offer a more practical and 
simpler approach. 

No one of these methods of restraining Gov- 
ernment spending will work unless they are sup- 
ported by a public demand that spending be kept 
inside income. Government economy sounds 
good in speeches and resolutions. In the prac- 
tical application, it has been the pressure group for 
spending that has carried through to the point of 
influencing Congressional votes. This will be 
so as long as the economy block talks in general 
rather than specific terms. To be effective, there 
must be specific action such as the plan for expert 
aid to the committees and the Coudert bill. This 
can be done when the public realizes the link 
between such proposals and the preservation of 
our democracy. 


MONETARY POLICY 

The Federal Keserve Act is one of the most 
carefully considered laws on the statute books. 
It has been amended many times without im- 
pairing its central principles. These principles 
are that the public interest is served by main- 
taining a semi-independent arm of government for 
supervision and influence over the country’s 
money supply. The plan is so devised as to draw 
on the judgment and cooperation of the business 
and banking community while placing final de- 
cisions in a Government group. That group, 
however, is insulated in various ways from the 
political government, as are the Supreme Court or 
the Interstate Commerce Commission. 

The Reserve System was created because the 
experience of other countries had shown that the 
management of money carried huge power for 
good or evil and was not something to be left 
wholly in private hands or made a football of 
politics. 

The outstanding illustration of money manage- 
ment was the achievement of the Bank of England, 
which for two centuries had worked with govern- 
ment and banking and business to gtve stable 
money to England. Its operations had a large 
share in the record of economic leadership which 
England gave the world for two centuries. It 
was the period of the Pax Britannica, suggesting 
that economic stability and peace go hand in hand. 

The economic history of mankind may be 
summarized in two kinds of movements—growth 
and the business cycle 





the ups and downs of 
Growth needs credit—a volume of 
money available for the development of new 


business. 
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enterprise. But let the money supply swell too 
rapidly, faster than the solid and sound growth of 
business, and instead of progress you have a 
boom and, after every boom, a bust. The job 
of the Bank of Issue (or Central Bank) is to try 
to keep the amount of money in a country in pro- 
per adjustment with the growth of business. 

This is a highly technical task, but, more than 
that, it is a delicate task. The hardest part is 
to guard against “booms.” That means making 
money scarcer and costlier when boom psychol- 
ogy appears. This takes courage and judgment. 
That is the reason why it can’t be done safely or 
well by politicians. The usefulness of the Bank 
of Issue is exactly in doing unpopular things at 
the right time. The wise government knows 
this and leaves these unpopular jobs to the Bank 
of Issue. The foolish sovereign interferes and 
tries to use money for political ends. 

In time of war the management of money, 
along with all the rest of the economy of a 
country, has to be subordinated to winning the 
war. Central Bank becomes for a time the ser- 
vant of the Treasury. That often breeds bad 
habits and relationships. The First and Second 
World Wars led to just this result. Everywhere 
governments used, and often abused, their Cen- 
tral Banks. Germany and France did it, and the 
result was terrible inflations until two strong 
men, Schacht in Germany and Moreau in France, 
as heads of the Central Banks, insisted that the 
abuse should be stopped. That stopped the in- 
flation. 

In the United States our Federal Reserve Sys- 
tem has proved its worth. But we kept it under 
Treasury control too long after World War I 
and had the inflation of 1920 and the bust in 1921. 
After World War II we have done the same thing. 
Only just last year did the Reserve System re- 
gain a little of its independence of action. Money 
was kept cheap too long for the benefit of the 
Treasury. That encouraged the postwar infla- 
tion. 


Even today a Congressional committee, the 


Patman committee, is conducting an inquiry as 


to whether the Reserve System should be inde- 
pendent or subordinate to the political govern- 
ment. The question is like the Roosevelt propo- 
sal to pack the Supreme Court and is just as 
momentous for the welfare of the people of the 
country. 

There is no evidence that the President or the 
Secretary of the Treasury are supporting or en- 
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couraging the Patman inquiry. Two recent ap- 
pointments to the Reserve Board are beyond criti- 
cism. The question is one the people must follow 
alertly to make sure the independence of the Sys- 
tem is preserved and enhanced. 


SUMMARY 


Here, then, in the area of money, are two pre- 
cise questions, two keys to the future of our dem- 
ocracy: shall we control our spending or let it 
control us; shall the independence of the Federal 
Reserve System be maintained, or shall it be sur- 
rendered to the Executive? 

It has been the thesis of this paper that we 
cannot safely take for granted the preservation of 
our democratic way of life. It is indeed a dan- 
gerous adventure which each generation must 
undertake for itself. The risks today are not 
wholly the same as were foreseen by the philos- 
ophers of a century ago, but they are just as great. 
The cold war, the new welfare objectives of the 
state, carry grave and insidious dangers. 

In resisting the threats, in carrying forward 
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our precious heritage, there are many weapons we 
must use: education, the building of sound tradi- 
tions, the putting of our finest people into public 
office. In the field of money we have at hand 
sharp, special tools, well fitted for the task. In 
particular, the control of the Federal Budget 
and the preservation of the independence of the 
Federal Reserve System are effective means 
for guarding democracy. Used together, they 
amount to the protection of the value of the 
American dollar for ourselves and as an economic 
anchor in an unsettled world. 

In conclusion I quote from John Maynard 
Keynes, a brilliant economist, a liberal, some- 
times accused of leanings to inflation. 


There is no subtler, no surer, means of overturning 
the existing basis of society than to debauch the cur- 
rency. The process engages all the hidden forces 


of economic law on the side of destruction, and does 
it in a manner which not one man in a million is 
able to diagnose.!° 


10 Keynes, John Maynard, Economic Consequences of 
the Peace, 236, N. Y., Harcourt, Brace & Howe, 1920. 















THIs is preeminently an age of specialization. 
We find it everywhere—in every day life, in in- 
dustry, in government and in the arts, particularly 
in music. There is no longer a blacksm‘th who 
can make everything, or a handy man who can 
fix anything. In industry the fierce competition 
for efficiency renders it impossible for anyone to 
maintain his place except by dividing his skill 
and experience into smaller and smaller segments 
—becoming an expert, a specialist in one narrow 
field. Here one segment is management; the 
president with his corps of expert advisers special- 
ize in correlating the various activities of the 
particular enterprise. 

In government we have a host of specialists, 
from the seed propagators to the makers of the 
atom bomb, all supposedly managed and con- 
trolled by the President and his advisers. 

In music, specialization has similarly devel- 
oped. In Bach’s time, 250 years ago, a musician 
was not only a composer, but also organist, con- 
ductor, choir director, harpsichordist and could 
play a stringed instrument and also a wood wind 
or brass one. Now, the performer has become 
preeminently a specialist. The reason that this 
has come about, as well as the extent and result 
of it I am going to expand on ina moment. The 
point I first want to make is that in industry 
and in government, over-specialization by the 
experts is controlled and held in check by non- 
experts, and that in music this is one of the pri- 
mary functions of the intelligent and musically 
educated amateurs. 

In industry the president of the corporation 
has over him a Board of Directors, who are pre- 
dominantly amateurs in the particular industry, 
not being actually or exclusively engaged in it. 
They are all, however, men familiar with business 
and its problems. It is their primary function to 
formulate the policy of the company, to direct its 
activities along promising lines, and to prevent 
the enthusiasms and obsessions of the experts, 
including the president, from running away with 
the business. There is here, also, the influence 
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of the actual consumers of the company’s product, 
whose criticisms and suggestions are sought and 
heeded, both by management and by the Board, 
and are potent in influencing its policy and pro- 
gram. 

In government the President has a cabinet 
to guide him, who, although often politicians, are 
not experts in their particular departments. Thus 
the Secretary of War is not a professional soldier, 
nor is the Secretary of the Navy a graduate of 
Annapolis. During the centuries in which the 
British Empire has persisted, while autocracies 
have come and gone, its ultimate authority has 
been lodged in a similar cabinet of amateurs. 
The “A” bomb is developed and produced by 
experts, under the military, for whom it is pri- 
marily intended. When it comes, however, to 
formulating the policy for the development and 
use of atomic energy, we are unwilling to leave 
this ultimately to the experts, and so have put 
over them a board of civilians—amateurs. The 
moral of this is that when any activity becomes 
of public importance and so diversified as to re- 
quire the predominant participation in its af- 
fairs by experts, they must be kept on the track 
by persons with a broader point of view. 

In music we have, analogous to the corporate 
president, the orchestra-, opera- or choral-con- 
ductor, who, however, is more apt to be a prima 
donna seeking the spot-light than is the business 
executive; nor does his board of managers con- 
sist of persons whose musical experience is com- 
parable to the business experience of corporate 
directors. Consequently they have little influ- 
ence on the musical policy of the organization, 
this influence being confined to the choice of the 


next conductor and perhaps to whether there 


shall be more or less modern music. 

The patrons of concerts, also, are less effective 
than business customers, since the attendants at 
concerts are not, for the most part, actual users 
of music. But few of them play or sing seriously. 
The greater part regard music as a mere form of 
amusement, or at most as a sort of spiritual mas- 
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sage. Their likes and dislikes are neither as 
well grounded nor as impressive as those of actual 
industrial consumers. With the professional 
critics | will deal later. 

Only the intelligent and musically educated 
amateurs who actually participate in music can 
occupy the place of the consumers of industrial 
products in influencing the basic policy and de- 
velopment of music. 

Let us now return, as I promised a moment 
ago, to the reason and extent of the extraordinary 
specialization in music during the past two cen- 
turies, which has resulted in the unfortunate 
cleavage of musicians into two distinct classes— 
professionals and amateurs. 

Formal concerts, in the modern sense, to which 
an audience pays to be admitted, were unheard of 
before the late seventeenth century, and infrequent 
prior to the nineteenth. With their increase 
came the commercialization of music, the empha- 
sis on skill in performance, the development of 
virtuosity and the consequent specialization of pro- 
fessionals, whose managers have succeeded in fo- 
cusing public attention on the personality of the 
performers and their unique skill in performance 
as distinguished from the intrinsic quality and 
beauty of the music which they play and sing. 

It is interesting to note, during this period 
when music was becoming commercialized, a 
complete alteration of the meaning of “profes- 
sional” as applied to sport and music, from its 
proper etymological use in connection with the 
learned professions. Professor Pound, in his 
Survey of the Legal Profession, defines a profes- 
sion thus: 


a group of people pursuing a learned art as a com- 
mon calling in the spirit of public service—no less a 
public service because it may incidentally be a means 
of livelihood. 


The remuneration is an incident or by-product. 
As applied to sport and to music, however, a 
“professional” has now become one who follows 
atl occupation as a means of livelihood, compen- 
sation being the primary objective. Here the 
designation is used in contrast to “amateur,” 
which etymologically signifies one who pursues 
the activity because of his love for it and who is 
disqualified for the designation if he accepts any 
tangible compensation. 

The commercialization of music, with the em- 
phasis on virtuosity and skill in performance, has 
resulted in increasing specialization on the part 
of professional performers who, if they are suf- 
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ficiently skillful and glamorous, no longer need to 
be rounded musicians in order to attract the un- 
discriminating public. The interest of profes- 
sional musicians is for the most part centered on 
performance and on the branch of performance 
which they have made their specialty. The av- 
erage vocalist is interested principally in voice pro- 
duction and most of them are unacquainted with 
instrumental literature. Instrumentalists, with 
notable exceptions, can usually play but one in- 
strument, and many are unfamiliar with the music 
for voice or for other instruments, or, where they 
are primarily soloists, even with the ensemble 
music in which their instruments have a part. 

The prevailing fashion, also, is now to think of 
a musician as one who sings or plays an instru- 
ment or conducts an orchestra for an audience to 
hear. The human tendency to regard the prevail- 
ing fashion as the ultimate and natural objective 
makes it essential for us to consider what is the 
place and function of music in our culture. Is it 
a mere form of amusement like the movies, hav- 
ing, it is true, educational features, but devoted 
primarily to entertaining a paying audience? Or 
is it something infinitely more important—an 
activity in which everyone of us can, in one way or 
another, dynamically participate, and which, when 
understood and accorded its proper place in our 
normal daily lives, can have an inspirational in- 
fluence which we commercially minded Amer- 
icans are only just beginning to realize? Is the 
relegation of music to the humble role of mere 
entertainment but another symptom of a modern 
tendency to discard spiritual values, and shall we 
rest content to leave it so? If music is to be 
restored to the essential function of moulding char- 
acter which it once occupied, it is primarily the 
educated amateurs who will bring this about. 

Music has an indefinable power over people 
which has been recognized since the beginning of 
civilization. In the earliest times it was used as 
magic. For centuries the church endeavored to 
monopolize it as an adjunct to religion. While 
it is a language, it does not describe anvthing 
tangible, but speaks directly and so is impossible 
to translate into words. Everyone, however, has 
felt the power of music over the emotions, and all 
educated musicians understand its intellectual ap- 
peal. Everyone feels the thrill of a waltz or mili- 
tary march. A fugue or symphony gives to a 
musician the same deep intellectual satisfaction 
as a beautiful building or a mighty bridge or 
battle-ship. 











VOL. 96, NO. 5, 1952] 


One of the first things that it is essential for us 
to realize is what constitutes a musician. As to 
this there is probably more misunderstanding than 
about any subject of public interest and attention 
comparable to that now devoted to music. 

In 1768 Boccherini dedicated his first string 
quartet: “Ai Veri Cognoscitori e Dilettanti de 
Musica’”—‘*To Those who Understand and De- 
light in Music,” an apt definition of a musician, 
whether professional or amateur. 

To most people, however, a musician is merely 
one who makes music. So does a phonograph. 
The confusion results from the failure to distin- 
guish between music and performance. When I 
was in college a recital was given by a tenor with 
a big voice and an exaggerated ego, but with a 
distinctly non-athletic physique. After the con- 
cert we all went in the gym pool. An impertinent 
classmate, encountering the tenor in a towel, and 
determined to take him down, remarked that any- 
one could tell by looking at him that he was a 
singer. When the pleased tenor suggested that 
this was perhaps because of his chest development, 
the boy replied, “Oh no. You have legs just like 
a canary.” 

There are four inherent talents the possession 
and development of which makes a musician— 
rhythm, melody, harmony, and counterpoint. 

The earliest of these to be humanly acquired 
was rhythm, in which even now some primitive 
peoples excel. The next in order was melody—a 
series of varying pitch levels arranged in a co- 
herent design. The third development was har- 
mony, which consists of the vertical juxtaposition 
of two or more notes and the progression of vary- 
ing combinations of notes through a musical 
phrase. Harmony in the eighteenth and nine- 
teenth century sense began in the Middle Ages 
with simple parallel progressions, and has been de- 
veloped continually down to’ the present harmonic 
revolutions. Counterpoint, the fourth musical fac- 
tor, consists of the simultaneous sounding of two 
or more melodies, each independent of the others, 
but combination of which results in a musical effect 
different from all of them, proving that the whole 
can be more than the sum of the parts. 

Each one of these four musical factors is the sub- 
ject of a musical talent which every person in- 
herits, to a greater or less extent, from one or 
more ancestors, and each of which talents is cap- 
able of development by application and by environ- 
ment. The greatest musicians have had all four 
in a superlative degree. 
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In addition, however, to these four purely mu- 
sical talents, the successful performer must have 
and develop several other talents, which are not 
musical talents at all. A singer must have a beau- 
tiful voice and a larynx able to control it. This, 
however, makes him a musician only in the sense 
that a nightingale is one. An instrumentalist 
must have inherent digital dexterity and power of 
coordination, which are not musical talents, but 
gymnastic ones, like the ability to turn a double 
back somersault or to run a hundred yards in ten 
seconds. In addition, a successful performer must 
have tremendous persistence as well as a glamor- 
ous personality. A conductor requires also a 
talent for leadership, as well as for pantomime, 
necessary to translate his interpretations to his 
audience. A composer must have power of con- 
centration, constructive imagination, a great soar- 
ing soul and a strength of purpose which defies 
diversion to any object other than the mastery of 
his art. 

With this digression as to what makes a musi- 
cian, we may return to the commercialization and 
overspecialization in music. This is reflected espe- 
cially in our current methods and objectives in 
music education. Our young people are taught 
music not in order that they may understand it 
and make it a potent influence and inspiration in 
their normal daily lives, but with a view to making 
them able to sing or play a few pieces, as pseudo 
professionals, for the pleasure of an audience and 
the gratification of their parents. The important 
function of music in moulding the character of 
those who understand and participate in it, is over- 
looked and neglected. Instead of being a mere 
form of amusement music should be a potent in- 
fluence in promoting culture. Our educators are 
behind the times in not giving it the major place in 
education which it had under the church, but 
which has not been provided since education was 
taken over by the schools and universities, where 
those in authority are for the most part musically 
illiterate. Some years ago, when I was privileged 
to address an association of college presidents on 


-their music curricula, I took an informal poll and 


found not one who was able to write down the 
melody of his college song, or to sing at sight the 
unfamiliar song of a sister institution. 

A principal reason for the neglect and ineffec- 
tiveness of musical training in promoting culture 
is the widespread belief that music is a gift from 
the gods to but a chosen few. Actually the under- 
standing of music is attainable by all who are really 
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interested in acquiring it. Also practically every 
child, except the few with defective ears or lar- 
ynxes, if taken early enough, can be taught to read 
vocal music at sight and to write it from dictation 
exactly as he can be taught to read and write a 
foreign language. Music is in fact a language and 
should be taught as such, beginning with the rudi- 
ments before adolescence, when languages are 
easily mastered. Mother Stevens, who success- 
fully carried out a splendid service at the Pius 
X School in New York in teaching children to 
sing, stated to me, without qualification, that, with 
intelligent teaching, no normal child can escape 
learning to read vocal music at sight. A test, 
carried out in Cincinnati of 4,000 “run of mine” 
school children, reached a similar conclusion. 
Some children are of course more teachable and 
proficient in music than others, just as some are 
better linguists or tennis players, but all who enjoy 
and are interested in music—as most are who are 
given a proper chance—can learn to sing and play 
well enough to derive great satisfaction in so 
doing, a pleasure, influence, and inspiration which 
can be carried on through their entire adult lives. 

Several years ago, Professor Seashore, of the 
University of lowa, conducted a series of scienti- 
fic tests which showed that only one music student 
out of forty possesses the inherent qualifications— 
muscular as well as intellectual and aesthetic— 
which would warrant his undertaking a musical 
career. I have been astonished to find how many 
who read the summary of those tests in the 
Readers’ Digest received the wholly erroneous im- 
pression that less than 3 per cent of normal peo- 
ple are musical, whereas what the tests really 
showed was that no more than 3 per cent were 
equipped to undertake a professional career in 
musical performance. Doubtless similar tests 
would indicate at least an equally small proportion 
of potential professional golf, tennis, or chess 
players, but should this at all deter the other 97 
per cent from learning to play these games for 
their own enjoyment? 

Music education should, of course, be planned 
and arranged so as to enable music students to 
undertake professional careers if they desire and 
prove competent, but at the proper point they 
should be enabled and indeed encouraged to aban- 
don the idea of becoming performers for others 
to hear, and devote their time and attention to 
learning to understand and make music for their 
own pleasure and musical satisfaction, stressing 
the acquisition of musical literacy—the ability to 
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read music at sight—with special training of 
professionals to equip them to work with ama- 
teurs and make their group music interesting and 
effective. In short, young people should be 
taught music as they are taught English, not to 
enable them to recite, sing, or play a few selections 
by heart, but to make them familiar with the 
masterpieces of musical literature, and to give 
them music as a means of communication with one 
another. 

What, you may ask, is my conception of the 
musical amateur ? 

He is, of course, primarily one whose interest 
in and devotion to music is prompted by his love 
of it—an amator. The intelligent and educated 
amateur who fills an important place in music 
is one who seriously devotes a considerable part 
of his time to composing, studying, or performing 
music and whose attention, if a performer, is 
centered on the beauty of the music and on his 
pleasure in producing it, and as little as is hu- 
manly possible on the impression which his skill in 
performance will have on his hearers. In Italy, 
where in the Renaissance the term “amateur” 
and its synonym “dilettante” (one who delights in 
music) originated, the dilettanti were the leaders 
in the musical world. Neither term had then 
acquired the connotation of superficiality which 
has since been attached to them, in part deservedly, 
and in part at the suggestion of some professionals 
and their managers, who would have it that they 
are the only musicians worthy of the name. 

Amateurs need not and should not be superfi- 
cial. While they are, as a class, obviously in- 
ferior to the professionals in skill or perfection of 
performance, it is entirely possible for them, be- 
cause of their detached point of view, to acquire 
a discrimination and taste for good music at least 
equal to that of the professionals, as well as a 
familiarity with all sorts of music, which is rarely 
found in those whose lives are devoted to one 
narrow branch. Although amateurs are not 
equipped or skilled in teaching music, they some- 
times know, perhaps better than the professional 
teachers, what it will be most beneficial to musi- 
cal culture for people to be taught. 

Intelligent and musically educated amateurs, 
so competent as to command the respect of the 
professionals, may also be the most effective 
critics in moulding beneficially the development 
of musical taste and in preventing the foisting of 
cheap musical products on the public. This is 
not now being done by the professional music cri- 
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tics. While here, too, there are notable excep- 
tions, most music critics are interested principally 
in skill of performance. Often their criticisms 
consist of a mere string of stock platitudes writ- 
ten, not infrequently, without actually hearing a 
great part of the performance. It would seem 
questionable whether the agony and unjust dis- 
couragement to worthy and serious young per- 
formers by smart and ill-considered “criticisms” 
is counterbalanced by the constructive guidance 
of musical taste and standards, which it should be 
their function to provide. 

The fundamental difference between profes- 
sional musicians and amateurs is in their point of 
view toward music. The professional is primarily 
interested in what he can do to music; the amateur 
in what music can do to him. While professionals 
are of course essential to our musical life and 
progress, «hey are not as indispensable as are 
amateurs. If an “A” bomb should wipe out all 
the professional performers music would go right 
on, with a stimulus to general healthy music- 
making, whereas the destruction of all the ama- 
teurs would leave the professionals with no in- 
telligent audience for whom to perform. It is 
the amateurs and not the professionals who set the 
standards of taste in music and who are the 
ultimate arbiters of artistic achievement. 

One thing which amateurs must learn is the 
possibility of music without public concerts. 
Amateurs do not exist merely to hear and en- 
courage professionals, but must have a musical 
life of their own. 

I do not, of course, for a moment suggest that 
concerts should be abolished or curtailed, or that 
they are not a splendid activity, essential to musi- 
cal culture, for they are. I merely question the 
widespread impression that music consists solely 
of that performed by professionals to be listened 
to by audiences, either in a concert hall or over the 
radio or from phonograph records. The greatest 
mistake made by many amateurs is in devoting 
practically all of their musical time and attention 
in a futile effort to perform music for other people, 
instead of for their own pleasure and musical 
experience. Since the advent of the phonograph 
and radio no one really wants to hear amateur 
soloists. These modern devices can, however, 
no more eliminate permanently the fundamental 
need for the individual adventure in music than the 
movies can that for the individual adventure in 
love. While of course amateurs can never hope to 
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equal the finished performances of the profession- 
als, this is more than compensated by the thrill 
of feeling the music tingle in one’s own throat 
or through one’s own fingers, which gives an 
understanding of it that no amount of mere listen- 
ing can achieve. Everyone who has repeatedly 
heard the record of a great chorus and then actu- 
ally sung it with a group of eager and competent 
amateurs will testify to this. 

What then are the functions of the musical 
amateur ? 

First, and principally, to enrich his own life 
and that of his musical colleagues by a thorough 
understanding of music and by actual participa- 
tion. This need not be confined to participation in 
performance, but may include the study of musi- 
cal history, and the development of musical forms 
—imusicology—and also the intensely interesting 
and little explored social aspect of music, the im- 
portance and influence of music in different epochs 
and in different cultures; who made what kind of 
music, and why? 

Second, to restrain the professionals from over- 
emphasizing technique and the importance of per- 
formance. This must be kept where it belongs, 
as the means of bringing out the beauty inherent in 
the music and not as an end in itself. The ama- 
teurs are a safety-valve for over-specialization. 

Third, to insist on the retention of good taste 
in music and on the prevalence of music which is 
sound and good. Music which is light, like Mid- 
summer Night’s Dream, both the play and the 
overture, must be distinguished from that which 
is unsubstantial, cheap, and merely showy. 

Fourth, to furnish a stimulus, by their real 
understanding, to the professionals to give the 
public only the best, and to repair the cleavage 
with the professionals by proving themselves to 
be intelligent and worthy companions in music. 

Finally, to build up musical culture in this 
country and in the world by creating an increas- 
ing number of intelligent music lovers who under- 
stand and delight in music and who have an ac- 
tual part in its production. Johann Sebastian 
was one of fifty-three Bachs who within a period 
of two hundred years occupied major musical 
posts in the thoroughly musical environment in 
which he was born and lived. Mount Everest 
does not rise 29,002 feet sheer from sea level. 
It starts from a 15,000 foot plateau. It is the one 
of the primary functions of the amateurs to build 
this plateau for music. 
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THe Monastery of St. Catherine stands at the 
foot of the Mountain of Moses in the heart of the 
Sinai Peninsula. Far into the vast and inhos- 
pitable wilderness of Biblical renown, it dawns 
upon the weary traveler and adventurer as a ha- 
ven of peace and a hospitable refuge. Here the 
three great monotheistic religions of Moses, Christ, 
and Muhammad meet in complete harmony. Like 
a rock, this time-honored foundation has stood 
out amidst the sands and granite mountains of 
Sinai for more than fourteen centuries with its 
dignity undiminished and untarnished. The 
Monastery of St. Catherine is reputed to be one 
of Egypt's great and ancient monastic institutions. 
In Mount Sinai, the Byzantine rule has left its 
most enduring monument in this Convent, a gem 
which cannot be overlooked by the devout traveler 
and pilgrim. 

Egypt was one of the first countries in the 
world to espouse the cause of Christianity and to 
bear the brunt of the fiercest Roman persecutions 
for the new faith. It was during that period of 
primitive Christianity in this country that men’s 
minds turned to ascetic and monastic ideals. At 
the close of the second century, and during the 
third in particular, Christians began to flee from 
the face of their persecutors to the deserts which 
bordered the green valley of the Nile and went 
even further into the Sinai wilderness. Thus, 
before this Monastery came into existence, Sinai 
teemed with hermits from Egypt and other terri- 
tories of the Roman Empire. Many of them 
preferred to stay on the Holy Mountain of Moses, 
and St. Helena, mother of Emperor Constantine 
the Great, is said to have visited this region in 
A.D.327 and ordered the construction of the Chapel 


of the Burning Bush on the spot where God 
addressed Moses. 


1 Those interested in more material than there is in the 
present summary statement may consult the following 


works: L. Prévost (ed.), Le Sinai Hier . . . Aujourd’hui 
(Paris 1937); M. H. L. Rabino, Le Monastére de 
Sainte-Cathérine du Mont Sinai (Cairo 1938); Aziz S. 
Atiya, The Monastery of St. Catherine in Mount Sinai 
(Cairo 1950). 


Life was not always easy and eventless in those 
parts. From time to time, heathen Bedouin 
tribes harassed these monastic settlements even 
after Christianity became the official religion of 
the Empire. Thus, the monks of Mount Sinai 
decided some time in the first half of the sixth 
century to send a delegation to Emperor Justinian 
(527-565) in Constantinople and explain to him 
their precarious life and ask him to build a 
monastery to house their scattered brotherhood. 
Justinian, who wished to be regarded as the 
supreme defender of the faith and who was one of 
the greatest builders of Christian antiquity, read- 
ily acceded to their request; and the Monastery 
emerged into existence on its present site around 
the Chapel of the Burning Bush before the middle 
of the century—some say it was completed in 
A.D. 545. 

At its foundation, the Monastery did not bear 
the name of St. Catherine, and its cathedral was 
called the Cathedral of the Transfiguration. It 
was not until the ninth century that the legend 
of St. Catherine and its associations with the 
Monastery were widely spread. Later, the re- 
mains of this beloved Saint were transferred to the 
Monastery and were enshrined within the Basilica 
which was consecrated to her. Since then, the 
Monastery has been known as the Monastery of 
St. Catherine. 

After the Arab conquest of Egypt in a.p. 640, 
it is said that the Prophet Muhammad granted the 
monks of Mount Sinai a covenant whereby their 
lives and property became secure under Muslim 
rule. The existing tradition is that the original 
charter was taken from the Monastery by Sultan 
Selim I after the Ottoman conquest of Egypt in 
1517. The Sultan, however, gave the monks a 
copy of it and sanctioned its terms. On the other 
hand, it is clear from the monumental collection 
of ancient and modern scrolls preserved in the 
Monastery Library that the Covenant of the Pro- 
phet, whether authentic or forged, was in some 
way or other renewed, and the privileges of 
protection and safe-conduct for the monks of St. 
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Catherine were upheld by the successive dynasties 
in the Islamic polity. Three of these decuments 
were issued by the Sultan himself and we have 
found them among the Turkish Firmans. 

The route to the Convent of St. Catherine is 
long and uneasy. In olden times, caravans took 
eight days to reach the Monastery from Suez and 
six from Akaba. Now with specially equipped 
cars and a good guide, the whole distance from 
Cairo to the Monastery totalling 392 kilometers, 
or 239 miles, may be covered with less discomfort, 
fatigue, and hazard in two days. The expedition- 
ers spent the night at Abu Rudeis on the Red Sea 
shore facingWadi Sidra which led to the interior 
of the Peninsula. Mid-way from Abu Rudeis to 
the Monastery, the traveler may halt for a while 
at the pleasant little Faran Oasis where the re- 
mains of ancient Christian churches including a 
cathedral are still visible. Faran was the seat 
of a Christian Bishop in the fourth century even 
before the foundation of the Monastery. 

Like all the great cenobitic centers of Egypt 
in the early centuries of the Christian Era, the 
Monastery of St. Catherine has the form and 









































































Fic. 1. General view of the Monastery with 
Jebel Musa in the background. 
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Fic. 2. Cathedral belfry and minaret of mosque 
in the Monastery. 


appearance of a Roman or Byzantine fortress. 
Its old, big gate, known in history as the Bishop’s 
Gate, was blocked later for reasons of defence, and 
a substitute was provided by a small rectangular 
entrance just wide enough for the passage of one 
person or hardly two. This again is fortified by 
a triple portal lined with thick iron plates and 
studded with mighty iron nails. Above this en- 
trance is the famous dual inscription in Greek and 
Arabic often quoted by writers and stating that 
the Monastery of Mount Sinai was founded by 
Justinian and his wife Theodora in the year 6021 
after Adam or a.p. 527. This is a late inscription, 
probably seventeenth-century, and the date is of 


‘ course incorrect. 


From within, the Monastery has all the char- 
acteristics of a typical medieval establishment. 
With its circuitous passages, vaulted corridors, 
and flights of half-worn stone stairways, with its 
basilica and numerous chapels, its chapter-house, 
refectory, scriptorium or library, its monastic cells, 
guest-house, mills, store-rooms, work-shop, oil- 
press, distillery, water wells, and several other fea- 

















Fic. 3. Justinian’s gate of the Cathedral. 


Byzantine woodwork. 


tures, this Monastery constitutes a real labyrinth 
where every inch of the interior is or has been 
utilized to its full capacity. It is a quaint cluster 
of buildings, sometimes rising to two or three 
stately stories high, sometimes sinking below 
ground level; and sometimes its diminutive cham- 
bers or chapels are built or inserted inside its 
massive walls. This irregular conglomeration of 
structures where every stone can tell a long tale 
is centered around the ancient Chapel of the Burn- 
ing Bush which has always been regarded as the 
Sanctum Sanctorum (the Holy of Holies) of this 
great Convent. 

Outside the walls, there are stables for camels, 
goats and livestock. The Monastery garden also 
extends along the narrow Holy Valley with its im- 
pressive cypress trees—tall, slender, and ever- 
green. Amidst an orchard of vine and aged olive 
trees stands a white building of two floors with 
an adjoining fenced yard. The upper floor is a 
chapel, and underneath it lies the famous Mount 
Sinai Ossuary or bone-house. The yard is a 
limited plot of land devoted to the newly deceased 
monks. On the death of a member of the fra- 
ternity, the brothers dig out the bones of the 
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oldest dead to make room for the new. Then they 
carry the old bones to the Ossuary where they 
stack the limbs on one side and the skulls on 
another. Bones of Archbishops, however, are 
kept separately in special niches or wooden cask- 
ets. The skeleton of St. Stephanos, who died in 
A.D. 580, is made to sit in full priestly vestments 
as if on guard at the entrance of this “House of 
the Dead.” During his lifetime, he kept watch 
at the confessional gate halfway up the Moses 
mountain and often said he wished he could guard 
it for ever. The monks remembered his words, 
and in deference to his will, collected his skeleton 
and seated it where it sits to the present day. 
The gruesome sight is mitigated only by the view 
of lighted candles and the burning censers which 
fill the atmosphere with incense. 

Within the walls, the Basilica is the central 
object of interest and antiquity to which the proud 
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monks take their pilgrims in the first instance. 
It was founded by Justinian between 561 and 565 
in commemoration of Theodora his wife, and is 
a fine example of Byzantine ecclesiastical archi- 
tecture. It consists of a narthex leading to a 
great nave which is separated from the aisles by 
two rows of six granite columns with lotus-headed 
capitals, unfortunately painted white and green. 
It has nine chapels—four on each side, and the 
Chapel of the Burning Bush behind the altar and 
below ground level. The mosaics above the al- 
tars of the Chapel of the Burning Bush and of the 
Cathedral, dating from the reigns of Constantine 
and Justinian respectively, are almost intact. 

In reality, the Cathedral with its side chapels 
offers a veritable museum of the fine arts of 
Christian antiquity. Wood-carving here is at its 
best. The gate of the narthex, which is not very 
ancient, being only of eleventh-century Fatimid 
workmanship, is of considerable interest on ac- 
count of the crusader arms engraved on it by 
medieval pilgrims. But this is not comparable to 
the next sixth-century Byzantine gate of the nave 
with its wonderful animal and floral engravings. 
In the sanctuary, behind the iconostasis there are 
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Fic. 6. Emperor Constantine the Great and St. Helena. 


A Russian icon. 





two large silver chests with the image of St. 
Catherine in gold and enamel studded with pre- 
cious stones. Both are gifts of the Tzars of 
Russia—Peter the Great (1688) and Alexander 
II (1860). Still more precious than these ob- 
jects is a small marble sarcophagus under a domed 
canopy to the right of the altar. Enclosed within 
it are two smaller silver cases—the one containing 
St. Catherine’s skull wearing a jewelled gold 
crown and the other her left hand witn numerous 
rings of gold and precious stones ex voto. 

The whole establishment is a real treasure- 
trove with its stupendous accumulation of ancient 
and modern vestments embroidered with gold and 
silver threads, of jewelled mitres and girdles, 
chalices and trays of the finest workmanship, gold 
and silver crosses of varying sizes and shapes, and 
Gospels and Prayer-Books with artistically dec- 
orated bindings in solid gold and silver, in sev- 
eral cases mounted with precious stones. Per- 
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haps the most bewildering feature is the collection 
of icons covering the walls of the Cathedral and 
the nineteen chapels of this Monastery. They 
are well preserved in the dry heights of Sinai, and 
their importance may be ascribed to the fact that 
they are largely signed and dated by the artists. 
Since they came from all parts of the Byzantine 
Empire from the earliest times through the Middle 
Ages down to modern times, they must indeed 
form the finest, largest, most representative, and 
most authentic collection of its kind in the whole 
world. Together with the mosaics and vestments, 
they offer a fine field for another expedition. 

Next to the Cathedral lies the mosque, which 
was built in A.p. 1106 for Muslim pilgrims tra- 
versing this Holy Valley on their way to Mecca 
and for the Jebeliya tribesmen whose descendents 
still serve the monks as they did in the days of 
yore. The mosque is a simple rectangular build- 
ing with two massive pillars ending in great 
arches carrying the roof. The minaret, situated 
to the east and facing the church belfry, is a de- 
tached tower nearly ten meters high. 

Towards the northeast extremity is to be found 
the refectory—a vaulted chamber of 17 meters in 


St. Catherine and the wheel of tortur<. 
Painting on the iconostasis. 
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Fic. 8. Silver chest with image of St. Catherine in gold 
and precious stones. Note icons on back of iconostasis. 


length and 5 in width with four thick arcades. It 
is difficult to know with precision whether this was 
originally built in Byzantine times as a refectory 
or as a chapel. It still has an altar in an eastern 
niche. Its walls are adorned with a painting of 


“The Last Judgment” dated 1573 and “The Ap- 
parition of the Trinity to Abraham” dated 1577 
as well as a multitude of modern frescoes drawn 
by Father Pachomius, who is an outstanding artist 


and a great recluse. During the Later Middle 
Ages, the refectory became a dormitory for Latin 
pilgrims who left numerous dated inscriptions and 
heraldic signs engraved on its walls. The re- 
fectory contains two long tables of unusual beauty 
with their renaissance ornamental carvings. 

But the Library may justly be regarded as the 
most remarkable of all the treasures in the Mona- 
stery. It was on account of its priceless manu- 
scripts that the American Foundation for the 
Study of Man, on behalf of the Library of Con- 
gress and in conjunction with Farouk I Univer- 
sity in Alexandria, launched the Mount Sinai 
Expedition to microfilm those ancient works of 
reference which will change the face of Biblical 
and other studies. Thus in 1950, for the first time 
in history, took place such tremendous activities 
as the monks had never witnessed before in the 
long history of their convent. The din of elec- 
trical generators, the dazzling floodlights for the 
microfilm cameras, and a battalion of scholars and 
technicians from the Old and New Worlds 
mingled with the bearded Fathers and transformed 
the languid atmosphere and a sleepy peace into 
a busy beehive of workers clustered around the 
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Fic. 9. Codex Arabicus. Folio showing 
Greek palimpsest. 





Library. In less than six months, nearly a mil- 
lion folios of manuscripts in twelve languages were 
microfilmed, a record hitherto unattained in the 
history of mankind. 

The expedition has revealed that all previous 
estimates of the manuscripts accumulated in this 
Library are very modest. The total number of 
the codices and scrolls taken together is now 
known to surpass 5,000 pieces in Greek, Arabic, 
Syriac, Georgian, Armenian, Slavonic, Polish, 
Ethiopic, Coptic, Latin, Turkish, and Persian. 
Though most of them were written by monks 
resident in the Monastery, it is evident that new 
brothers coming from all parts of the Byzantine 
Empire brought with them their manuscript treas- 
ures. Some of these acquisitions were even older 
than the Monastery itself. The best known ex- 
ample of this category is the fourth-century Greek 
Bible called the “Codex Sinaiticus.” This was 
discovered by a German scholar named Tischen- 
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dorff around the middle of the nineteenth century. 
He carried it with him to old St. Petersburg and 
presented it to the Tzar of Russia. In recent 
times and after World War I it was sold to the 
British Museum in London for 100,000 pounds 
in gold. The memory of Tischendorff is still 
recalled with embitterment by the monks who 
candidly call him “the thief.” 

Other examples of great antiquity are the 
Palimpsests of Mount Sinai. Owing to shortage 
of parchment at certain times, scribes dismantled 
older manuscripts, erased their ancient scripts 
by means of rubbing the parchment with pumice 
stone and probably washing it with a somewhat 
caustic material, and finally re-used it for writing 
new books of their own. Nevertheless, the older 
scripts show underneath the new in varying de- 
grees of clarity. The palimpsest leaves are gener- 
ally brittle and are as a rule irregular in form and 
size according to their provenance. 
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Fic. 10. Codex Arabicus. Folio showing 


Arabic palimpsest. 
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There are three palimpsests in the Monastery of 
St. Catherine. The first is known as the “Codex 
Syriacus,” a fifth-century Gospel in Syriac writ- 
ten over an erased older Greek Gospel, discovered 
by Mrs. Agnes Smith Lewis in 1893. This has 
been regarded by the monks as the most precious 
treasure in the Library and it is kept in a special 
coffer. The two others belong to the Arabic col- 
lection and were kept on the open shelves until I 
was able to establish the identity and extraordi- 
nary value of at least one of them. 

Undoubtedly, the most sensational discovery 
during this expedition and one of the greatest of 
its kind in our century was that of the “Codex 
Arabicus,” for this is the name which I gave to 
the third of the great palimpsests of Mount Sinai. 
On June 12, 1950, just about twenty-four hours 
before leaving the Monastery and closing the 
scientific work of the expedition, I was in the 
course of examining the Arabic manuscript no. 
514 when suddenly I began to notice some very 
peculiar features on some of its folios, unlike all 
other manuscripts. This is probably the oldest 
codex in the Arabic collection written in old Kufic 
hand on a somewhat brittle parchment, which I 
dated in the ninth century a.p. The text is a 
hagiography containing several interesting lives of 
Saints and a number of martyrdoms together with 
the Book of Job. It was folio 47 which gave me 
the clue, for, on the recto side, I noticed the exist- 
ence of traces of old Greek uncials running through 
the page into the margins; and on the verso side 
of the same folio, I saw’another kind of faded 
script also running into the margins. On closer 
examination, to my amazement, I distinguished 
the verso script as archaic Kufic. In the mean- 
time, the lower Syriac, very much more faded, 
could be perceived with great difficulty across the 
page only from a given angle. However, all 
this helped in providing the clue to the extra- 
ordinary nature of this strange codex. It is tri- 
lingual since it contains Syriac, Greek, and Arabic 
texts superimposed on one another in successive 
strata. Other folios where the ninth century 
scribe failed to erase the original Syriac sufficiently 
to re-use the parchment for his purpose, were left 
blank, and they show unmistakable traces of two 
layers of Syriac. These folios may of course be 
of a different origin from that of folio 47, but the 
fact remains that this palimpsest contains five dif- 
ferent layers of writing: two Syriac, one Greek, 
and two Arabic—a record hitherto unattained by 
any other palimpsest and unknown in the history 
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Fic. 11. Codex Arabicus. Folio showing 
Syriac palimpsest. 


of manuscripts. I called Father Joachim, the Li- 
brarian, who recognized the Greek and my Egyp- 
tian assistant who recognized the Arabic, while 
both saw the Syriac strata interwoven with one 
another. Then I called Wendell Phillips who 
was working in the adjoining room to witness 
the event, and the news was communicated to 
the Library of Congress and the press. 

A new treasure had thus been found. Hitherto, 
I had been entrusted with the Codex without un- 
due supervision on the part of the Librarian. 
From that very moment, and in spite of the con- 
fidence of the Librarian in my person, his vigil- 
ance over the Codex was intensified and he al- 
ways sat at the opposite side of my desk as long 
as I held the book. The “Codex Arabicus” was 
instantly removed from the shelves to safer quar- 
ters under lock and key. 

There remains a vital question which calls for 
an answer. Is the value of the “Codex Arabicus” 
confined to its being simply and solely an object 
of archaeological curiosity as a tri-lingual quin- 
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tuple palimpsest? The answer is certainly in the 
negative, for, after the Expedition, I consulted 
several noted New Testament scholars and Syri- 
ologists in more than one country, and I should 
like to sum up the result of my enquiries in order 
to give the reader some idea as to the contents of 
these texts. Let us consider these layers of 
writing from the top downwards in succession. 
The top layer is in perfect condition, though its 
explicit has gone with a probable final colophon 
showing the name of the scribe and fixing the 
date of the manuscript. Nevertheless, I estimate 
it to be ninth century a. The text provides 
us with interesting new material on the lives of 
some early Christian Saints together with a num- 
ber of martyrdoms from the time of Alexander 
Severus, Maximin and Diocletian, in addition to 
what is probably the oldest Arabic version of the 
Book of Job. Next comes an older Kufic text, 
very difficult to determine, but likely to be the 
earliest Arabic translation of a Gospel from the 
first Hejira century, that is, seventh to eighth 
century A.D. The third is a Greek Lectionary 
of St. Paul’s Epistle to the Corinthians with some 
minor variants from the extant Greek text, and is 
evidently late sixth to early seventh century A.D. 
Finally, the Syriac is undoubtedly the oldest and 
most important of all. So far, portions of the 
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Gospels of St. Matthew, St. John, and St. Mark 
have been identified, and they present several 
palaeographical characteristics of great antiquity. 
The Gospel of St. Mark in particular includes a 
considerable number of variants of importance 
from the current Peshitta text and is believed to 
be the most ancient Syriac text of this Book in 
existence. If so, it will bring us another step 
nearer to the original version of the Gospels in the 
Age of the Disciples. 

On the other hand, it would be somewhat un- 
wise to go further in judging the Codex at this 
juncture. For the right evaluation of its con- 
tents, it is necessary to study the whole text of 
the Syriac Gospels at our disposal. As this task is 
impossible with the naked eye, we have to experi- 
ment on separating the multiple layers of writing 
by applying the most modern technique of infra- 
red and ultra-violet photography to the palimp- 
sest. We can only hope that the Library of Con- 
gress, which sponsored this epoch-making Expe- 
dition to Mount Sinai, will continue to lend its 
moral and material support to the project. 
Whether the results will justify our expectations 
in part or in full, the “Codex Arabicus’’ has be- 
come part of the heritage of the great Fathers of 
primitive Christianity. 


The examination of this Codex, however, is 


Arabic Codex in parchment with papyrus reinforcement of binding. 
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not the only piece of work remaining to be done 
in the Monastery of St. Catherine. The situation 
is still pregnant with possibilities of the highest 
order. Apart from the icons and the mosaics to 
which I have referred, the papyrus presents us 
with another field of virgin soil. Though the 
papyrus did not come under my jurisdiction as 
editor of the Arabic microfilms, my sense of 
scientific curiosity led me to undertake some work 
of reconnaissance in this field. I have found 
three categories of papyrus in the Monastery. 
The first, consisting of a miscellany of Biblical 
texts, is not unknown and is preserved under 
glass. The second is a unique Psalter in Georgian 
on Egyptian papyrus in codex form which I have 
found and called “Codex Georgianus” during the 
latter days of the Expedition. This must neces- 
sarily belong to the earliest period of the advent of 
the Georgian monks to Sinai. Since the Expedi- 
tion, I have mounted its leaves on glass for better 
preservation. The third is a series of bundles of 
papyrus sheets used by later scribes in padding 
the leather binding of their own works. I dis- 
covered this third category by sheer chance in a 
number of manuscript covers, and I have actually 
dismantled one specimen from the Arabic col- 
lection and found it to contain sixth- to seventh- 
century Greek Biblical texts. 


The architectural metamorphosis of this ancient 
building across the centuries still awaits the atten- 


tion of the archaeologist. The surrounding coun- 
tryside also abounds in vestiges of the past from 
the early anchorites’ caverns and St. Epistimia’s 
Nunnery on Mount Galaktion to the lesser Mon- 
astery branch in the Valley of the Forty Prophets 
(Wadi al-Arba‘in) a few miles to the south at the 
foot of St. Catherine’s Mountain (Jebel Katerina). 
The whole place teems with inscriptions. There 
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are certainly more Nabatean inscriptions on the 
rocks of some of the neighbouring mountains than 
has hitherto been revealed. Inside the Monastery, 
wall inscriptions written by pilgrims of all ages 
in many languages—Greek, Latin, Arabic, Rus- 
sian, and so on—are worthy of exploration and 
recording. In the outlying sandy patches around 
the Monastery, I managed without difficulty to 
pick up a collection of fragments of medieval 
porcelain and pottery. 

These are some of the splendid possibilities for 
a joint expedition where the medievalist, the 
archaeologist, the historian of art, the papyrolo- 
gist, the Biblical scholar, and the Orientalist could 
work together and bring to light much useful 
knowledge and enrich the cultural heritage of our 
age. Though outside my field of specialization, 
I can hardly close this paper without stressing the 
interest which the flora and fauna as well as the 
geology of this unique area presents to the 
scientist. 

For many centuries, the Monastery of St. 
Catherine has been enveloped in an atmosphere of 
sanctity and of mystery. Since the Mount Sinai 
Expedition, the sanctity remains, but the clouds 
of mystery have been lifted to a considerable 
extent. This is essentially due to the enlightened 
spirit and broader outlook of the present Arch- 
bishop, His Grace Porphyrios III, who has broken 
away from the strict traditional conservatism of 
his predecessors in this respect and allowed the 
activity of the past expedition to take place 
under his auspices. These auspices will not re- 
main for ever and we may have to face a more 
difficult position one day. It is hoped that this 
appeal will not pass unnoticed in the scholarly 
circles of the civilized world, for the harvest is 
ripe and rich. 
















In 1931 I left Outer Mongolia, my native land, 
as a religious and political exile. I had been one 
of those accused of counter-revolutionary plotting 
in a state trial, which was the beginning of the 
destruction of my religion in Outer Mongolia. 
The root of my religion, Mahayana Buddhism, 
is in Tibet. I am afraid that now that both the 
Dalai Lama and the Panchan Lama, the two 
greatest Incarnations of this religion in Tibet, are 
in the power of the Chinese Communists, my reli- 
gion may be destroyed also in Tibet. 

What I shall now describe is the organization 
of my religion as it was in the past, in Outer 
Mongolia. 

Under the Manchu Dynasty, from 1644 to 1911, 
Outer Mongolia consisted of the four great 
Aimaks or tribal confederations of Khalkha and 
the northwestern region of Kobdo where most 
of the tribes are not Khalkhas but Western Mon- 
gols. Each Aimak was divided into Banners, and 
each Banner was under a hereditary ruling prince. 
Through the Banners and Aimaks Outer Mongolia 
managed its own internal affairs. The Manchu 
Emperor stationed only a few high officials in 
Outer Mongolia as supervisors. 

Parallel to this secular structure of government 
there was the structure of religious organization, 
under what Westerners generally call Lama 
Buddhism. 

Most Banners maintained a monastery sup- 
ported by Banner funds and private contributions. 
In addition there were monasteries, such as my 
own monastery of Narobanchin, that had territory 
of their own, deeded to them in the past by a 
Banner or Banners. In such territory, the church 
was both a religious institution and a civil in- 
stitution. The monastery conducted the admini- 
stration and collected the taxes. Internally, there- 
fore, the monastery had a monastic organization. 
Externally, it had a civil administrative organiza- 


1 Principally from notes taken by H. H. Vreeland, III, 
in the Mongol project of the Inner Asian Seminar, 
Page School of International Relations, the Johns Hop- 
kins University, under a grant from the Carnegie Corpo- 
ration. Translation principally by Peter Onon. General 
editor, Owen Lattimore. 


THE NAROBANCHIN MONASTERY IN OUTER MONGOLIA! 


THE DILOWA HUTUKHTU 
(Read November 9, 1951, by Owen Lattimore) 


tion. 


On the civil side its affairs, like those of a 
Banner, were coordinated at a higher level through 
the Aimak, and the Aimaks, in turn, were under 
the supervision though not the direct administra- 
tion of the high Manchu officials. 

The hierarchy of my religion consists of the 
Incarnations of saints who, because they have freed 
themselves of sin and material illusion, could have 
entered into Nirvana, but have elected to remain 
in the material world in order to help others who 
are struggling to free themselves of sin and ma- 
terial illusion. The human body of such an In- 
carnation is merely a temporary vehicle. When 
the vehicle is outworn the body dies. The Incar- 
nation then reappears in a new vehicle. 

The most revered Incarnations are those of the 
Dalai Lama and Panchan Lama of Tibet. The 
most revered Incarnation in Outer Mongolia was 
that of the Jebtsundamba Hutukhtu of Urga. 

This hierarchy must not be thought of as one 
that was dominated by commands and orders, or 
by religious decrees. In Mongolia we thought of 
Tibet as the homeland of our religion, and we 
revered the Dalai Lama and Panchan Lama as 
the greatest of Incarnations ; but our offerings and 
pilgrimages to them were of our own free will and 
they neither levied a tribute upon us nor sent us 
regulations to guide our conduct, nor issued reli- 
gious decrees. Similarly in Mongolia the Jeb- 
tsundamba Hutukhtu was the most widely and 
deeply revered; but he ruled only within his own 
domain; he did not regulate or control other 
monasteries, such as mine. 

In 1911, however, when the Manchu dynasty 
fell, all men, both princes and Incarnations, looked 
to the Jebtsundamba Hutukhtu because he com- 
bined the greatest authority in the land, spiritual 
and secular, and he therefore became the head of 


‘the government, as Bogda Khaghan, Holy Em- 


peror, until his death in 1924 when the new gov- 
ernment, Communist-controlled and pro-Russian, 
did not permit his Reincarnation to be discovered. 


My successive incarnations are as follows: 
Until the fall of the Manchu dynasty, there were 
fourteen higher Incarnations in Outer Mongolia 
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who, in their successive embodiments, after being 
recognized and installed by the Church, had to be 
confirmed in their incumbency by the Manchu 
Emperor. Of these lam one. My successive in- 
carnations are as follows: 

One of the companions and disciples of Gotama 
Buddha was Mangala. 

One of his later Incarnations was Dilowa,’? who 
was so named because in his worldly occupation 
he was a pounder of sesamum seed to make oil. 
Tila is the Sanskrit for “sesamum.’” One of his 
later Incarnations, in Tibet, was Milarapa.* The 
first Incarnation of Milarapa to appear in Mon- 
golia was Dambadorji. In the Ordos region of 
Inner Mongolia there are two groups of moun- 
tains, the Great and Little Arjai. In the caves 
in the Little Arjai, Dambadorji built his first 
monastery, in the period of the reign of the Ming 
dynasty in China (1368-1643). This monastery 
was destroyed by Legden Khan of the Chahar 
Mongols, in the time of trouble when the Ming 
dynasty of the Chinese was falling and the Ch’ing 
dynasty of the Manchus being set up. 

The next Incarnation of Dambadorji was Erhe 
Bogda Lama, who built the monastery of Banchin 
Jo, also in the Ordos. In the K’ang Hsi period of 
the Manchu dynasty (1662-1722) my incarnation 
was recognized, under the designation of Dilowa 


Hutukhtu, by the Manchu Emperors. 
ent Incarnation is the fifth under this designation, 
and the third to appear in Outer Mongolia. 

While I was in the Ordos, under the designa- 
tion of Erhe Bogda Lama, Narobanchin was my 


My pres- 


2 Ima personal letter of 17 November 1951 my learned 
colleague Professor Ferdinand Lessing of the University 
of California at Berkeley, to whom I submitted the fol- 
lowing account in order to make sure that there had been 
no misunderstanding in translation or editing, writes as 
follows: 


“ 


. . . It is interesting to note that the Yellow Church 
after ‘inventing’ or rather developing the incarnation 
dogma on an institutional basis traced back their pedigrees 
to the time of the Buddha and boldly incorporated certain 
figures of the unreformed sects, as in this [case] Mi la 
ras pa, into their system. 

“As far as Telopa (Tilopa, Tillipa) is concerned, his 
legend has been told by A. David Neel in Parmi les 
mystiques et les magiciens du Thibet, p. 174, and by 
Walsh, in the Journal of the Asiatic Society of Bengal 
73: 1, p. 132, No. 18. . . . Griinwedel has discussed him 
in the translation of the Edelsteinmine (a work by 
Taranatha, Bibliotheca Buddhica, v. 18), and in his 
Geschichten der 84 Zauberer. . . .”—OL.L. 

8’ The Tibetan form Mi la ras pa, as given by Professor 
Lessing in the preceding footnote, becomes milarapa in 


Mongol usage, just as Telopa, etc., Dilowa. 
5) ee 


become 
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disciple. Later he was reincarnated in Outer 
Mongolia, and built the Narobanchin monastery 

When in a later reincarnation I myself appeared 
in the same region of Outer Mongolia, the Naro- 
banchin Hutukhtu invited me to share his mona- 
stery with him, and thus it has been ever since, 
and that is why I am the Dilowa Hutukhtu of 
Narobanchin monastery. 

In my present incarnation, I was born at a place 
called Oigong Bag, on the south side of the moun- 
tain called Bayan Airak, in the Banner of Tushie 
Gung, in the Aimak of Jasaktu Khan, in the year 
of the Monkey, the ninth year of the Manchu 
Emperor Kuang Hsu (1883), on the eighth day of 
the tenth moon, in the hour of the Dragon, ac- 
cording to the twelve-hour division of the day, 
about sunrise. 

The family into which I was born were poor 
sheep-herders, living in a round, felt-covered tent. 
They had already had a daughter of fourteen and 
a son aged ten. I remember that in the year 
after my birth, the family owned only twenty 
sheep, four cows, and two horses. As a child I 
played about my father’s camp, until at the age of 
five I was recognized as the fifth Reincarnation of 
the Dilowa Hutukhtu. 

I was recognized in my new Incarnation in the 
following manner. When my previous Incarna- 
tion expired, lama diviners determined the general 
direction in which the search for the new Incarna- 
tion was to be made, and monasteries in that area 
had prepared at that time a list of forty children 
born in circumstances that might be miraculous. 
I was included in this list because at the time of 
my birth people had seen strange emanations of 
light coming from my father’s tent. I was recog- 
nized as the Reincarnation because in my childish 
play I had frequently made reference to places 
near the Narobanchin monastery—places which 
actually existed but to which neither my family 
nor any of their acquaintances had ever been; and 
because, when an emissary from the monastery 
visited me, I immediately recognized as my own 
a bowl which he carried—a bowl that had belonged 
to me in my previous Incarnation. 

Shortly after I had been recognized, a delegation 
arrived to escort me to the monastery. My family 
went along with me, bringing with them all their 
animals and possessions. I was taken into the 
monastery immediately. My family took up resi- 
dence near the monastery and visited me occasion- 
ally; but from the age of five I was cared for 
entirely by lamas and received my religious and 
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administrative training from them. At the age 
of fifteen I began to take an active part in the ad- 
ministration of the monastery, and at the age of 
eighteen, according to the regulations of the 
Manchu code, I took over full powers. 

The Narobanchin monastery is about one-hun- 
dred and fifty miles south of the city of Uliassutai, 
in the Aimak of Sain Noyan Khan. It had been 
built during the Ch’ien Lung reign (1736-1796) 
for the Narobanchin Hutukhtu, and had been 
named after him and given official status by the 
Manchu Emperor. Later, land was donated by 
the Banner where the monastery was situated 
and by a neighboring Banner, and after a petition 
to the Emperor, the monastery and its lands were 
recognized as a separate territorial and civil juris- 
diction, on the same level as the twenty-four Ban- 
ners of Sain Noyan Khan Aimak. In this way, 
the Narobanchin became a civil as well as a reli- 
gious figure and was required to make periodic 
vassalage trips to Peking like the Banner princes. 

The territory was about fifty miles east and 
west, and twenty-five miles north and south. Its 
boundary was marked by stone cairns. It con- 


sisted of a series of low mountains in the northern 
portion which drained southward across flat open 
ground into the Jabkhan River, running along the 
southern border of the territory. 


The people of this territory consisted of families 
attached to the Narobanchin Hutukhtu. Such 
families are termed “disciples.” At the time that 
the Narobanchin territory was created, these fam- 
ilies were resident on the lands granted to the 
temple and were allocated to the Narobanchin as 
his subjects. They were later joined by other 
families which were officially transferred from 
other Banners. All of these families owed to the 
Narobanchin Hutukhtu not only their former cus- 
tomary religious obligations, but also their newly 
acquired civil obligations. They had, in fact, 
severed all formal civil and family ties with the 
Banners from which they had come. In the years 
of my present Incarnation, the number of these 
families was about four hundred—a total popula- 
tion of about eighteen hundred persons. They 
were all Mongols, except for a few Chinese who 
had come into the area as small merchants or ar- 
tisans and had married Mongol women and settled 
down to live the life of Mongol herdsmen. None 
of the subjects of the monastery were nobles. 

These families lived almost entirely by herding 
sheep, cattle, horses, and camels. They lived in 
round felt-covered tents, in small camps which 
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moved from place to place during the year, fol- 
lowing the grass and water. A few camps en- 
gaged in rudimentary farming, but only as a side- 
line to herding. Camps were almost entirely self- 
sufficient, but exchanged labor with each other, 
and traded off their surplus wool, hides, and ani- 
mals to Chinese and Russian merchants in return 
for tea, grain, and a variety of manufactured items. 

There were a few specialists among my people 
—carpenters, tanners, animal doctors, bone-setters, 
and midwives—but these people were herdsmen, 
too, and employed their other skills on the side. 
For highly-skilled work in stone, wood, and metal 
we had to call on Chinese artisans. 

Because the monastery was the center of a 
territorial jurisdiction, as well as being a religious 
center, it was required to maintain a separate 
civil administration. This civil administration 
was subject to a Manchu code which, like the code 
applying to Banners, regulated the territory’s 
relation with the Aimak, but did not regulate the 
internal administration of the territory. 

The civil and religious departments were kept 
separate in the normal course of affairs—the civil 
administration concerning itself with the territory 
and the people, and the religious administration 
concerning itself with the internal administration 
of the monastery and the lamas. The civil de- 
partment had ultimate authority, however. The 
officer in charge of the civil department was a 
lama, appointed to his civil office by the Aimak, 
who had the responsibility for the conduct of 
affairs both outside and inside the monastery. 
He had the authority to remove officials from high 
religious offices, to discipline lamas for civil of- 
fenses, and to control church finances. 

The obligations of the people to the civil ad- 
ministration were annual taxes on livestock, which 
were paid almost entirely in kind, and the provid- 
ing of obligatory feudal services such as animals 
and carts for the transport system. These obli- 
gations were codified, and were the same as those 
civil obligations required in the purely .secular 
Banner administrations, except that in the mon- 
astic territory no one was subject to military con- 
scription. 

All families were listed on a central register, 
which showed the name of the family head, the 
number of his dependents, and the amount of the 
family’s wealth in livestock. Since family groups 
owned their property as a joint fund, family prop- 
erty was the unit of taxation. Taxes were used 
to meet the demands of the Aimak and for repair 
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of local civil buildings. Collections were gener- 
ally disposed of as soon as possible, and the civil 
administration did not have its own treasury. 

The civil administration was responsible for see- 
ing that the taxable wealth of the community was 
not reduced through poor management, and 
would assign certain families to help other families 
which could not properly manage their own herds. 
Otherwise the civil administration did not regulate 
the technology or economics of the territory. It 
did not engage in conservation measures, or the 
assignment of pasturage rights, and did not attempt 
to regulate the trading activities of the population. 

All families in the territory were assigned for 
administrative purposes to one or the other of 
two “halves”—the East and the West—which ac- 
tually had nothing to do with territorial grouping, 
since the people of both halves were mixed to- 
gether throughout the area. Each of these halves 
was under a leader (ihe daroga, “great chief’). 
The families in each of these major subdivisions 
were further grouped into twelve smaller units 
of about sixteen families each, and placed in the 
charge of twelve minor leaders. Both big and 
small leaders had very few routine duties. Their 
primary function was to report changes in family 
size and wealth status at the annual budget meet- 
ing, and they were held responsible if one of the 
families in their charge evaded taxes, or com- 
mitted some other civil offense. This was the 
only kind of police force maintained in the terri- 
tory. Cases of civil offense were tried and sen- 
tenced by the head of the civil administration 
personally. 

Disputes between families or individuals over 
such things as property, inheritance, desertion, 
non-support, etc., were usually referred to the 
leaders, but the office of the head of the civil ad- 
ministration was the ultimate seat of authority. 
Ordinarily families handled all the arrangements 
of marriage, property, and family economics ac- 
cording to old Mongol custom, but there was no 
broad family organization or leadership which 
could settle disputes between individual families 
in such matters. 


The religious obligations of the people consisted 
of contributions of goods and services to the mon- 
astery to provide for ceremonies, sacrifices, and the 
upkeep of the monastery buildings. These obliga- 
tions were not codified but customary, and had 
grown up over a long period of time. Contri- 
butions were made by the people because they 
were devoted to the church and wished to acquire 
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religious merit. The monastery treasury was the 
corporate property of the monastery. All regular 
contributions and all expenses for religious serv- 
ices and works were handled through this treasury. 

In addition, many free-will contributions came 
into the monastery for such purposes as honoring 
a deceased relative or a particular lama. Some of 
these were made to the monastery treasury, some 
came to the Narobanchin or myself, and some 
went to other lama dignitaries. Contributions to 
the Narobanchin and myself went into our own 
private treasuries which however belonged to us 
not as ordinary individuals but as continuing In- 
carnations, and were therefore treated as insti- 
tutional trust funds. Our wealth was used pri- 
marily to fulfill the social obligations of our status. 
We gave many animals to poor people, and in 
times of general hardship the wealth obligations of 
the people to the monastery would be assumed in 
part by the reserves of the monastery treasury and 
in part by the treasuries of the Narobanchin and 
myself. The treasury of the monastery, the treas- 
uries of the Narobanchin and myself, and the 
wealth of our subjects were all mutually support- 
ing, so that excessive demands were not made on 
any one source. The treasury of the monastery 
and the treasuries of the Narobanchin and myself 
were managed and accounted for by a single lama 
official, appointed by a central committee of five 
high religious officials, and responsible not only 
to them but to the head of the civil administration. 

Every family tried to send at least one son into 
the church to become a lama, and in the years of 
my present Incarnation there was a total of about 
three hundred lamas in the territory. * No limit 
had ever been imposed on the number of lamas 
that the territory could contain, the original Man- 
chu-assigned quota of forty lamas having desig- 
nated only those lamas who would be exempt from 
military conscription. 

Sons were usually sent to lama teachers in the 
monastery at the age of about six or seven, and 
had to remain in the monastery for a good part 
of their early youth studying if they were to be- 


come fully ordained lamas. 


Lamas normally resided at the temple but, since 
their families often needed their help for herding, 
or for some emergency, they were permitted to 
return home for indefinite periods of time. It 
was more difficult for a lama to absent himself 
from the temple if he was holding an administra- 
tive post in the temple, or if a general assembly 
was in progress, but, if the family’s need was suf- 
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ficiently urgent, almost any lama could secure 
temporary release from temple obligations to re- 
turn home. If a lama had duties which made it 
impossible for him to leave the temple, another 
lama was sent from the temple to the camp to re- 
place him. Lamas from wealthy families tended 
to spend more time in the temple than lamas from 
poor families simply because the wealthier families 
usually had dependent helping families and could 
do without the services of one or two sons. 

Provision was also made so that a lama could 
inherit family property and be listed officially as a 
family head; lamas could not marry, but a lama 
could be released honorably from the church in 
order to marry if his family affairs made it nec- 
essary. 

While lamas were resident at the monastery 
they lived in fifteen courtyards arranged in rows 
on both sides of the main temple buildings. Here 
they slept in tents and ate food provided primarily 
by their own families, or by the families of their 
personal disciples, if they were famous lama teach- 
ers. They could own property, but any animals 
which they acquired were usually kept in the herds 
of their disciples’ families. 

The Narobanchin and I of course lived all year 
round at the monastery, and we had each our own 
private residence with winter and summer houses, 
storage buildings, guest-tents, and a household 
staff. 

In the 1930’s, as the Communist-controlled gov- 
ernment in Outer Mongolia increased in power, 
this traditional organization of my religion was 
destroyed, chiefly by depriving monasteries of 
their territories and revenues. It has been many 
years since I have had direct news of my own 
monastery ; but my personal property was expro- 
priated before I left Mongolia in 1931, and I have 
heard that in Da Kurie, which Westerners call 
Urga, and which is now called Ulan Batur—a city 
which was once a city of monasteries—there is 
now only one monastery open for religious 
services. 





NOTE ON THE DILOWA HUTUKHTU’S MAP 
OF NAROBANCHIN MONASTIC 
TERRITORY 


OWEN LATTIMORE 


1. At the top left-hand corner is the heading: 
“Drawing of the homeland of the disciples of the 


two Hutukhtus, Dilowa and Narobanchin, of 
Khalkha.” 


w 


2. 
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At the top right-hand corner is a table of symbols 
reading from left to right, or from bottom to top, 
as the page is printed. They have been inadver- 
tently numbered in the reverse order as here 
printed. Numbers scattered over the map identify 
examples of the use of the symbols. 

12. winter quarters 

11. woods (forests) 

10. large rocks 

small rocks 

. obo (cairn) where sacrifices are held 

obo (cairn) serving as boundary marker 
line demarcating boundary 

main road 

less important road 

large stream 

cultivated land 

spring, and stream flowing from it 

At top and bottom, right and left, are the four 
words North, South, East, West. 

At the left, under the main heading and written 
sideways as the map is printed, are 8 lines de- 
scribing the boundary as drawn from the extreme 
western point on the map around by the north to 
the extreme eastern point: “Here, from the west- 
ern tip of Nomogon (see below, No. 7) to the 
eastern boundary at Oshig-in Khara (see below, 
No. 74), reaching up to the obos of the northern 
quarter, and following the drawing and the bound- 
ary markers (obos), is the common frontier with 
the Banner of the Hushiguchi (Hushiuchi) Beise 
(title) of the same Aimag (i.e. the Aimag of Sain 
Noyan Khan).” For “Oshig,” see below No. 74. 
“Oshig-in Khara” “Black of the Oshig” is a 
lapsus for “Oshig-in Kire,” “crest of the Oshig,” 
correctly written in No. 76. 

Below No. 4, at bottom left hand corner, are 7 
lines describing the southern boundary from the 
extreme western point on the map most but not 
all of the way to the extreme eastern point: “Here, 
from the western tip of Nomogon (see below, No. 
7) eastward following edges of the terraces of the 
southern side of the Jabkhan Goul, and touching 
Chahigortu Tologai (see below, No. 30) and 
Boro Chongji (see below, No. 57) as far as the 
small road at Goul-in tala-in adak (see below, 
No. 76), is the common frontier with Jasaktu 
Khan Banner of Jasaktu Khan Aimak.” 


BNW UAN DSO 


. Just to the right of No. 4, written at a slight 


angle as the name of a group of hills, is the single 
word “yamagatu” (spoken form, “yamatu”). 
While this word means “goat-having,” or “place 
of goats,” when used of hills it appears frequently 
to have the sense of “ibex hills.” 

Two large hills drawn in the gap between Nos. 4 
and 5. These are lettered “Yehe (great) Nomo- 
gon” and “Baga (Little) Nomogon.” The spoken 
form, and more usual written form, is “nomohan,” 
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also pronounced “nomhon,” meaning “gentle,” 
“peaceful.” This form of name, following a well- 
known rule of “magical propitiation,” is used of 
hills that are in fact regarded as “dread,” or 
“majestic.” 

. Between the hills designated “Yamagatu” under 
No. 6 above and the point where a minor road 
and two major roads come together, is the legend 
“Uliyasutai-in jam,” “Uliyasutai Road.” Uliya- 
sutai, written Uliassutai in most Western books 
of travel, is one of the two important cities of 
northwestern Outer Mongolia. The name means 
“poplar-having,” or “place of poplars.” 

. At the bottom of the minor road referred to just 
above, where it crosses a road and a river (the 
Jabkhan Gol, see below, No. 66), are the words 
“chagan (white) olom.” The word “olom” means 
“the breast strap of a saddle”; also “a ford or 
ferry.” Here, the meaning is “White Ford.” 

. Just below the above, where the minor road ends 
at a round circle, is the word “garashi”’—from 
the Russian “garazh,” which is from the French 
“garage.” Even in the 1920’s, motor car travel 
in Outer Mongolia had developed enough to result 
in the establishment of a number of stations where 
travellers could stop overnight, buy gasoline, and 
sometimes get minor repairs done. These were 
called “garashi.” 

. To the right of the legend “Uliyasutai Road” 
(No. 8, above) are indicated two hills, somewhat 
detached from a large mass of hills, named “Bur- 
han tologai” and “Ulagan chilago” (spoken form, 
“Ulan cholo”). “Burhan” is “Buddha.” “Tolo- 
gai,” meaning “head” is often used in the sense 
of “knoll.” Thus the hill indicated is known as 
“Buddha’s knoll.” “Ulan” is “red”; “cholo” is 


“stone,” “rock”; this hill is therefore known as 
“Red rock.” 


2. Just above No. 11 is the single word “berke.” 


While this word usually means “difficult,” it here 
has the specific meaning “cliffs.” 

Directly below No. 11, between the main road and 
the river, is a symbol for “big rocks,” with trees 
on either side. The name of these rocks is given 
as “habtagai ulagan” “the flat red (rocks).” 

. Just above and to the right of No. 13 is a symbol 
for “winter quarters,” with the name “kub-un 
ulagan,” meaning “the red (place) of the marsh.” 
As the symbols show, it is the place where a 
spring-fed stream, flowing through a patch of 
cultivated field, ends in a marshy hollow. (The 
word “kub” means “a deep place in water,” which 
is not appropriate here, or “a marsh, a hollow.” 
. As the drawing shows, the spring that feeds the 
stream flowing through the cultivated fields lies 
at the foot of a small hill on which there is an 
obo or cairn. The name of the obo is given as 
“batu ulagan,” “strong (or firm) red.” Such a 
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place name indicates that the local coloring is red 
(from the rocks) while the obo is called “firm” 
or “strong” because it is the “protector” or 
“guardian” of the spring. 


. Just to the right of No. 15, at the foot of the 


hillock is the word “hurimtu,” which means 
“feast-having”—a name indicating that the fes- 
tival of sacrifice to the obo is held here. 


. Up above No. 16, slightly to the right, and touch- 


ing the northern boundary (with two “winter 
quarters” indicated at its southern foot), is an 
isolated hill with the name “kharatu,” the spoken 
form of “kharagatu,” meaning “oversight-having,” 
because its dominates the boundary. 


. Directly below No. 17, and with a large blank 


space intervening, is a hilly mass with the name 
“Bayan ulagan.” Here again “Ulagan” (spoken 
form, “ulan”) indicates the local coloring. “Ba- 
yan” means “wealthy.” Note that these hills are 
just north of the monastery ; and that in geomancy 
it is especially important that the terrain im- 
mediately north and uphill from a monastery, 
with drainage toward the monastery, must be 
“propitious.” 


. Below No. 18 are the hills at the foot of which 


are the monastery buildings. The hill and obo 
directly north of the main monastery enclosure 
are labelled “Chindamani” (from the Sanskrit, 
through the Tibetan), meaning in Lamaistic lore 
“The fabulous jewel which ensures all that one 
desires.” The main monastery enclosure is a 
large square, labelled “Naro Banchin-un Huriye,” 
“the monastery enclosure of the Narobanchin.” 


. From the monastery environs leads a road, of 


secondary size, described in five lines of writing: 
“This road goes to Hami, Kuch’engtze, and other 
places under the jurisdiction of Sinkiang (prov- 
ince).” (The word “road” indicates, of course, 
not a made road but a caravan route). 


. Moving again to the top of the map, at the north- 


ern boundary, we find a large semi-circle of hills, 
with a number of sites for winter quarters, la- 
belled “taolaitu,” “hare-having,” “place where 
hares are abundant.” 


. Three small hills block the open side of the semi- 


circle just described. They are named “Shibogon 
chohiya.” “Shibogon” is a variant writing for 
“shibagon,” spoken form “shobo” meaning “bird.” 
“Chohiya” is “a long ridge covered with large 
slabs of stone.” The name may therefore be ren- 
dered as “the ridge of the birds.” 


23. Just below these, and slightly to the left, are more 


hills, with the two names “hushiye” and “guhe 
tologai.” Of these a “hushiye” is sometimes “a 
stele,” “an inscribed stone,” sometimes “a bound- 
ary marker.” The very common place name 
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24. 


25. 


26. 


30. 


31. 


“guhe tologai” means “blue heads,” indicating 
small hills. 

Directly below No. 23 are more small hills, named 
“Chagan tologai,” “White heads.” 

Below No. 24, in the angle of two roads leading 
to the monastery, are more hills, with the legend 
“Jagan tushilge” (spoken form, “jana tushileg”’). 
Literally this means “elephant refuge (or sup- 
port).” It may refer to a rock that is supposed 
to look like an elephant. Further information is 
needed, which is not available at the time of 
going to press. 

Below No. 25, and on the south side of the river, 
is indicated a large obo with the following legend 
in four lines: “Place of sacrifice. Although this 
is Jasaktu Khan territory, the obo (written form 
“oboga”) belongs to the Shabi” (i.e. “disciples” 
or subjects of the monastic territory). 


. Moving again toward the top of the map, to the 


right of No. 23 low hills are marked, with the 
legend “tala-in chohiya,” “ridge in the plain.” 


. South of No. 27, with a large intervening blank 


space, a promontory is indicated, where low hills 
abut on a main road, with the legend “segul 
(spoken form, “sul’”) tologai.” The word “se- 
gul” means “tail,” hence “last.” The signifi- 
cance is evident from the map. A number of 
hillocks overlook the road, of which the last, when 


travelling toward the monastery, is named “last- 
hill”—tit. “head”). 


. Next to the south, and a little to the east, is a 


deep re-entrant valley into the hills, with a spring 
and the short stream flowing from it, named 
“Hamar bulag.” “Hamar” meaning “nose” (usual 
written form, “Habar”) is a common name for 
a ridge running from a hill into a valley or plain. 
Bulag is “spring”; hence the place name means 
“the spring at the end of the ridge.” 

Still farther to the south, across the river and a 
little to the west, a hill is indicated with the name 
“Chahigurtu tologai,” lit. “flint-having head,” 
from “chahigur” (spoken form, “chahiur’’), the 
flint used in making fire with flint and steel. 
Moving again to the top of the map, on the north- 
ern boundary east of No. 21 are two small hills 
marked “Baragun orhigu” and “Jigun (properly 
jegun) orhigu.” “Baragun” (spoken form, “Ba- 
run”), means “west” and “jegun” (spoken form, 
“jun”) means “east.” For the explanation of 
“orhigu” supplementary information is needed, 


which is not available at the time of going to 
press. 


. Just south of No. 31, and a little to the west, is 


the legend “biligutei” (spoken form, “biliutei”) 
which means “a place where there are sharpening 
stones,” for honing knives. 


. Just to the south again is the legend “Uurmeg 


chohiya,” in which “uurmeg” appears to be an 
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34. 


35. 


36. 


37. 


38. 


- 39. 
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alternative for “uiremeg,” “uirmeg,” or “ugurmeg” 
(see A. Mostaert, Dictionnaire Ordos 2: 762, col. 
b, Peking, 1942) with the meaning “small, shat- 
tered fragments of rotting rock,” thus giving the 


place-name “Ledge of rotting rock.” There is 
however, another word, “urmeg” with the mean- 
ings “fragments, power, medicinal powder” (see 
Kowalewski, Dictionnaire Mongol-russe-francais, 
1: 589, col. b, Kazan, 1844) which would mean 
“ledge where medicinal power is obtained.” 

Just to the east of No. 32 is the legend “ebuljige 
(spoken form, “ubuljig”) guhe,” “the winter- 
quarters called blue.” The word “guhe” is no- 
toriously difficult to translate. While it means 
“blue,” it is also the equivalent of the Chinese 
“ch’ing,” and has sometimes the idea of “the color 
of the firmament,” or “the color of nature.” 
Well to the south of No. 33 is an isolated spring, 
with a small stream issuing from it, and the 
legend “Cheger (spoken form, “cher”) bulag,” 
with the meaning “Forbidden (tabu) spring.” 
To the south again, at the southern edge of a 
large mass of low hills, is the legend “Cheger 
sarabchi.” A “sarabchi” is “a projection that 
casts a shade,” giving the place-name “Tabu 
shady place.” 

A little to the south again is the symbol for a 
spring and stream with the legend (written side- 
ways, as the map is printed), “Rashiyan.” The 
spoken form of this word, which is from the 
Sanskrit “rasayana,” “water,” is “arshan,” and 
it is the name always used in Mongolia for hot, 
mineral, medicinal springs. 

The spring described just above flows into a lake, 
with the shape of a leg of mutton, and the legend 
is simply “nuur” (usual written form, “nagur’’), 
“lake.” 

Just above the western end of the lake, and apply- 
ing to the hill out of which issues the hot spring 
No. 36) is the legend (written sideways as the 
map is printed), “mangdaltu.” By an incorrect 
but quite common usage, “mangdaltu” is written 
for “mandaltu,” “mandal-having,” from Sanskrit 
“mandala,” “a circle,” a word much used in La- 
maistic lore and ceremonies. Its sense here is 
that it indicates that the hill is a place of honor, 
or holiness, overlooking the quasi-sacred medici- 
nal spring. 

Starting again from the top of the map, east of 
No. 31, at a point where a main road is shown 
crossing the northern boundary, there is the sym- 
bol for an obo and the notation “jam-un obo,” 
“obo of the road,” written currente calamo 
“obogo” instead of the usual “obo,” or “oboga,” 
and without the “points” of the “g.” Just to the 


right, alongside of the road, is the legend “Uliya- 
sutai road.” 
40. Almost due south of the “obo of the road,” mark- 
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46. 


47. 


48. 


49. 


THE 


ing a gap between hills, is the notation 
“windy,” a place name. 
South again, and a little west, in the 
hills, is the notation “shiotai,” “‘nitre 
petre )-having.” 


“salhitu,” 





midst of 
(or salt- 


. South again, written “lying on its back” as the 


map is printed, is the legend “Khongjitu,” pos- 
sibly an unclear variant for “gondjitu,” meaning 
either “oblong” or “oval.” 

Southwest of No. 42 (southeast of No. 34) a 
spring and stream are indicated, with the name 
“tala bulag,” “the spring on the plain.” 
Southward again on the southern edge of a mass 
of hills and due east of No. 35, is a spring with 
the name “naran bulag,” “sun spring.” In this 
context “sun” is equivalent to the Chinese “yang” ; 
it means “on the southern side, getting the warm- 
est sun in winter.” 


. Returning toward the top of the map, on the east- 


ern side of the Uliyasutai road noted under No. 39 
is a small group of hills with the name “maihan 
delger,” lit. “tent broad”; but “delger” here prob- 
ably has the special sense of “awning.” Two 
small dots leading to a point in the middle of the 
hills indicate that the name applies to this par- 
ticular place, not to the whole hill or group of 
hills. (“Maihan” is the polygonal cloth tent, not 
the round felt tent or “ger.” It is the “ger” 
which by long-established error has become 
known in the Russian and Western literature as 
“vurt.”) 

South and a little east of No. 45, and east of No. 
42, is a small group of hills named “tarbagai,” 
probably equivalent to “tarbagatai,” with the 
meaning “tarbagan (marmot )-having.” 
Southeast of No. 46 is a hill overlooking a bend 
in a main road, with the legend: “Ungdur chagan 
tologai.” “Ungdur” is an anomalous but not in- 
frequent spelling of “undur” and the meaning is 
“High white head (knoll).” 

South and slightly west of No. 47, across an 
intervening blank space, are small hills with the 
legend “Guhe tologai,” meaning “Blue knolls.” 
Southeast of No. 48, across a fork of the main 
road, are low, rounded hills with a legend, not 
clearly written, which appears to be “Alak che- 
ger,” meaning “Piebald tabu (place).” The term 
“piebald” or “mottled” refers of course to the 
natural coloring. 


50. Returning again to the top of the map, a hill with 


an obo is shown at the point where the boundary 
turns from northeast to southeast. The name is 


“Buha-in ulagan,” which word for word is “Bull’s 
red,” or “the red (hill) of the bull.” 

. Immediately to the south is a range of hills with 
three sharp peaks at the western end and a 
rounded summit at the eastern end. 
named 


These are 
“Gurban shobho,” “Three peaks,” and 


DILOWA HUTUKHTU 


wn 
nN 


wn 
wn 


58. 


59. 


61. 
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“toota” or “dooda.” This latter may possibly be 
referred to a verb given by Fr. Mostaert, op. cit., 
2: 669, last word of col. a, with the meaning “to 
be out of plumb, to lean.” 


. Just below the “three peaks” a spring issues from 


the west side of small hills, with the legend 
“Bulegen,” spoken form “bulen,” “warm.” 


. Southeast of No. 52, a spring issues in a blank 


space and flows westward across the main road. 
The place is named “Aru delger,” North 
expanse.” 


. A long way to the south and slightly to the east, 


on the southern side of a blank space crossed by 
an east-west main road are small hills with the 
legend “Khara khaljin,” “Black bald (hills).” 


. Southeast of the “black bald hills,” across a main 


road, is a symbol for “winter quarters,” in an 
angle of small hills, with a blank space (flat land) 
to the east, and the name “Tala-in ulagan,” “red 
(place) of the plain.” 


56. South of the point just described, across the river 


and two main roads that run on either side of it, 
is the legend, written “upside down” as the map 
is printed, “chongji-in bolun.” “Bolun’” should 
be “bolung.” The spoken form of “chongji” is 
“tsonj.” The name means “corner of the chim- 


ney,” ie. a “rock chimney.” 


. Just to the southeast of this “chimney,” also writ- 


, 


ten “upside down,’ 
“grey chimney.” 
Returning toward the top of the map an isolated 
hill is depicted astride the northeastern boundary. 
It bears the legend “Chindamani,” for which see 
No. 19. 

Just below this “Chindamani” is marked a spring 
with a stream flowing southeastward into the 
Jabkhan river. Close to the spring is the legend 
“Balgastai” (for the normal written form 
“balgasu-tu”), “city-having,” a frequent name for 
places where there are ruins, not necessarily of 
cities, but of small walled enclosures. 


is the legend “boro chongji,” 


. South of Nos. 58 and 59 is a large mass of hills, 


with a big valley opening northward and a spring 
and short northward-flowing stream. The name 
(“upside down” as the map is printed) is “Guhe 
kungdulen.” (The normal form would be “kun- 
dulen.” It is a peculiarity of the Dilowa Hutukh- 
tu’s hand that he more often than not writes “ng” 
in place of “n” in this position). “Kundulen” 
means “crosswise” or “across the line of,” hence 
the name means “The blue (stream) that flows 
across.” 

South of No. 60, at the southwestern corner of 
the hill-mass, the “corner” hilltop bears the legend 
“unchug” (here written “ungchug,” see above, 
No. 60), with the meaning “angle.” In Mongol, 
“unchug” is the exterior “angle,” “bulung” the 
interior “corner.” See above, No. 56.) 
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63. 


67. 








It is difficult at this point to follow the pattern of 
working down from the top of the map in imagi- 
nary parallel straight lines. The next four names 
will therefore be described in relation to the 
southwestern angle of the hills just identified 
under No. 61. Northeast of the angle, along the 
southerly edge of the hills, an important obo is 
marked, with the legend “shilegustei.” This 
form follows the vernacular. The ordinary writ- 
ten form is “shilegusun-tu,” “lynx-having.” This 
name, which has entered Chinese as the load-word 
“she-li-sun,” probably describes not a true lynx 
but a large, spotted, lynx-like wild cat. 
Southeast of No. 61 is a detached group of hills 
with a legend and three dots leading to a point 
in the centre of the hills. The legend reads 
“Tanggut-in khara,” “Black (place) of the Tang- 
gut (Tibetan or Tibetans)”—probably the name 
of a place where some Tibetans once camped. 


. Southeast of No. 61, at a fork of two main roads, 


is the legend “Shabin-in (Shabi-in would be a 
better writing) kuteger” (spoken form, “kuter”), 
“Mound of the shabi (disciples ).” 


. Due south of No. 64, written “upside down” as 


the map is printed, and close to Nos. 56 and 57, 
which are similarly written, is the legend “Ji- 
histei” (possibly “Jihisetei”). This is probably 
a variant for “Jigesutu” (see Kowalewski, op. cit., 
3: 2352, col. b), “reed-having” (i.e. “place of 
reeds’). This reading is supported by the fact 
that the place indicated is beside the Jabkhan 
river. 


. Returning to the northeastern boundary, we find 


an arrow drawn to the point where the small 
stream from No. 59 enters a large stream. The 
legend attached to the arrow reads: “From here 
to the eastward (actually northeast, as the map 


is drawn) is called the Buyangtu goul.” “Bu- 
yangtu,” following the Dilowa Hutukhtu’s idio- 
syncrasy, is for “Buyantu,” from Sanskrit 


“punya,” with the meanings “virtue, moral merit,” 
etc. “Goul” (spoken form “gol’”) is “river.” 
The name could be rendered “River of virtue.” 
Just across from this arrow is another arrow, with 
the legend: “From here to the westward (actually 
first south and then west, as the map is drawn) 
is called the Jabkhan goul.” Probably the name 
of this river, which in its lower course breaks up 
into several channels and “strays” in several di- 
rections, is from the root “jabkha-” “to stray, to 
get lost.” 

The meaning of the above two legends is that 
above the infall of the small, unnamed stream, the 
main stream of the Jabkham Gol is called Buyantu 
Gol. 

Due south of the point just described, where the 
main road crosses the river, is the legend “Jab- 
khan chagan tohai,” “White tohai of the Jab- 
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71. 


72. 


73. 
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khan.” The color white is auspicious, and that 
is probably its significance in this place-name. 
“Tohai” is “elbow” and its meaning here is the 
“bend” of the Jabkhan; but “tohai” is also the 
Mongol “cubit,” the unit of measure from elbow 
to wrist, and also, occasionally, from elbow to 
shoulder. 


. Just east of the “Bend of the Jabkhan” is a junc- 


tion of main roads. The one that leads to the east 
(slightly northeast) is noted as “Khuriye jam,” 
“Khuriye road,” i.e. the road to Urga, now Ulan 
Batur, capital of Outer Mongolia. This was al- 
ways known as “Khuriye” or “Da Khuriye,” “The 
Great Khuriye” (using the Chinese word for 
“great”). The word “khuriye” means “enclo- 
sure,” hence “monastery enclosure,” and this city, 
as the seat of the Jebtsundamba Hutukhtu or 
“Urga Living Buddha” was “the” enclosure. 
The name Urga was never used by Mongols and 
is a puzzle to them. It is a Russian usage, and 
may be a Russian corruption from “eruge,” the 
felt “cap” of a Mongol felt tent. “Eruge” is used 
honorifically instead of the word for “tent” (as, 
in English, one might consider “pavilion” more 
lordly-sounding than “tent”); and, by extension, 
it is also used in honorific speech for “residence,” 
“household.” The Russians may, in their early 
contacts with Outer Mongolia, have heard this 
word used for the “residence” of the Living 
Buddha and thought it was the name of the town. 
The road leading southeast from the junction just 
described is noted as “Khagalga-in jam” (the 
usual spelling is “Khagalaga”) “Kalgan road,” 
referring to Kalgan in Inner Mongolia. 


. The road leading southwest from the junction 


forks into two, and the legend, with a line of dots 
leading to the fork, is “Khobdo jam,” i.e. the 
road to Khobdo in Northwest Outer Mongolia. 
The lower fork of this Khobdo road crosses a 
main road running southeast which bears the 
legend, in four lines: “This road leads to Gang-jio 
(i.e. Kanchou), Shui-jio (ie. Hstichou Suchou 
on most maps) and other places in Gan-suu (i.e. 
Kansu) province.” 

In the angle between the Khobdo road and the 
Kalgan road is a large blank space, with the 
legend “Gaulan tala.” The regular written form 
would be “Goul-un.” The meaning could be 
either “The plain of the river” or “The main 
plain.” The use of the “vernacular” form “gau- 
lan” perhaps slightly favors the second meaning. 
South of the Khuriye road is a small isolated 
group of hills with the legend “Shira” (spoken 
form, “shara”), meaning “yellow.” 

At the southeastern corner of the monastic terri- 
tory are three obos. These mark the junction 


with the boundaries of neighboring Banners. 
The central obo-crowned hill bears the legend 
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“Uushige” and the additional legend, with a line 
of dots leading to the obo, “Of the disciples of the 
Narobanchin.” (“Ooshige” is loosely written for 
“Agushkhi.” The spoken form is “ushig.” The 
meaning is “Lung’’). The most northerly of the 
three obos is noted as “Hushiguchi Beise-in,” 
“Of (the Banner of) the Hushiguchi Beise.” 
“Hushiguchi” means “Vanguard.” “Beise” is a 
title. The third, most southerly of the boundary 
obos is noted as “Of the Jinong Beile.” Jinong, 
from the Chinese “chun wang,” meant originally 
“regional prince,” but in Mongol usage came to 
be simply a title, without the original specific 
meaning. “Beile” is a title, one grade higher 
than “Beise.” 


. Southeast of the last-mentioned obo is a “garage” 


(see above, No. 10) with the name “Garashi of 
Bayan Khonggor.” Bayan is “wealthy” and is 
frequently used in place-names; “Khonggor”’ is 
probably for “Khongkhor,” “hollow.” 
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6. Two long legends fill the bottom right hand cor- 


ner of the map. The first (on the left, of nine 
lines), refers to a minor road leading up northeast 
to the Khuriye road, and reads “This road runs 
from the end of the plain straight ahead until it 
reaches the western tip of Uushige and joins the 
boundary with Hushiguchi Beise, of the same 
Aimag.” The second, of five lines, read: “From 
the western tip of Agushige (note spelling), fol- 
lowing the crest of Uushige (note spelling), up 
to the boundary obo of the Hushiguchi Beise, 
the boundary joins with that of the Banner of the 
Jinong Beile, of the same Aimag.” 

(In the foregoing, Mongol words have been 
transcribed in a simple, rough and ready manner 
that will not confuse those who know the lan- 
guage, and will give those who do not know it an 
approximate idea of pronunciation and of the 
difference between traditional spelling and current 
pronunciation. ) 













FREDERICK PURSH, 1774-1820, AND HIS BOTANICAL ASSOCIATES 


JOSEPH EWAN 


Associate Professor of Botany, Tulane University 


INTRODUCTION 


“THE rapidity of progress has made it difficult 
to do work which will not be superseded. New- 
ton lasted till Einstein; Einstein is already re- 
garded by many as antiquated.” Bertrand Rus- 
sell goes on to say, “Hardly any man of science, 
now-a-days, sits down to write a great work, be- 
cause he knows that, while he is writing it, others 
will discover new things that will make it obsolete 
before it appears.” Mr. Russell’s observation 
may be true enough for the physical sciences, up 
to a point, but there is a laboratory in biology, 
where fundamental work is being done, where not 
change but fixity is the rule. Here, instead of 
pulling up stakes driven only yesterday and mov- 
ing them to another point today, old worn stakes 
are being looked for where they have sometimes 
been forgotten. I refer to the search for what 
the plant taxonomist calls type specimens or au- 
thentic verifiable starting points in the classifica- 
tion of plants. These types are both personal and 
impersonal objects that come to assume almost 
reverential importance to those biologists engaged 
in the taxonomy of higher organisms. In botany 
a type represents for the vascular plants either the 
first or a subsequent collection selected from a 
series of specimens chosen because it illustrates 
the diagnostic characters of a species. When first 
made these collections may have had no sugges- 
tion of their later pivotal importance. Once 
selected by the botanist to represent a new taxo- 
nomic unit, these vestiges of creation become as 
impersonal as a standard bacteria culture main- 
tained to supply nationwide laboratories. The 
type specimen is a point of reference to which suc- 
ceeding taxonomists may turn to check the ac- 
curacy of their postulates. What began as a field 
specimen, which later acquired a label and was 
mounted and filed in a collection, assumes the 
role of a standard, just as chemically pure re- 
agents serve the chemist, or accurately calibrated 
instruments, the physicist. There may be a touch 
of personality in a specimen of Croton taken on 
the Galapagos Islands by Charles Darwin on the 


(Read November 9, 1951) 


voyage of the Beagle but the collection as a type 
becomes an impersonal record. 

These remarks on type specimens introduce my 
subject today, by way of explaining what is in 
fact the ultimate object of my investigations into 
the life and travels of Frederick Pursh and his 
botanical associates. Dr. Francis W. Pennell ad- 
dressed you two years ago on the need of accu- 
rately collating the historic plant collections be- 
longing to the American Philosophical Society 
and the Academy of Natural Sciences of Phila- 
delphia, toward determining which of these col- 
lections may represent types, duplicate types, or 
authentic specimens heretofore unrecognized as 
critical by taxonomists. Dr. Pennell described at 
that time the several different series of collections 
involved in this study. Mostly these collections 
are scantily labelled, not unusual for the period, 
and one of the problems is the recognition of 
critical collections among the series from vestigial 
clues, possible only from a synthesis of evidence 
necessarily based on the scant data that has sur- 
vived. Monographers have passed over these 
collections for want of knowledge of their signifi- 
cance or from considering their origins too 
dubious, but a broader comparative study of the 
collections brings them into a discernible pattern 
of reliable recognition for what they really are: 
poorly labelled ‘specimens of important early 
plant collections. 

One of the several plant collections in this 
series preserved in this city is the Lambert col- 
lection, or more precisely that portion of the Lam- 
bert herbarium which came to the Academy by 
the gift of Professor Edward Tuckerman of 
Amherst College... Tuckerman purchased two 


1 The gift is recorded in a letter from Edward Tucker- 
man, then at Amherst, March 19, 1868, to Thomas P. 
James, interleaved in the American Philosophical So- 
ciety’s copy of the 1869 edition of Pursh’s Journal. It 
reads in part: 


“Being in London in June 1842 I attended the sale of 
the Botanical Museum of A. B. Lambert Esq. the well 
known patron of Pursh and purchased beside other lots, 
Number 256, ‘A small collection of good North Ameri- 
can plants by Nuttall, Baldwin, Frazer [sic], Boott, & 
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different lots of specimens at the Lambert auction 
held in London on Monday, June 27, 1842. One 
of these, lot 256, as listed in the sales catalogue, 
was a collecton of about 150 plants collected by 
Nuttall, Baldwin, Fraser, Boott, and others, for 
which Tuckerman paid five pounds and ten shil- 
lings; the second, lot 284, “one bundle of miscel- 
laneous plants of North America,’ was purchased 
by Tuckerman for one pound. Tuckerman’s 
copy of the Lambert auction catalogue is now in 
the Gray Herbarium. Another numbered lot, 
262 in the sales catalogue, consisting of nearly one 
thousand specimens of “Pursh’s very extensive 
herbarium,” was sold to William Pamphlin,’ at 
the time a bookseller in Soho Square in London, 
for twenty-five pounds, ten shillings. This collec- 
tion acquired by Pamphlin may later have come 
to the Royal Botanic Garden, Kew, judging from 
a recent communication. But the Lambert series 
brought back to the United States by Professor 
Tuckerman and presented to the Academy in 
1856* concerns us for the present. It is this 


others including many species from 
150 plants—a small cabinet.’ which 
years later presented to the Academy. And I also bought 
Lot 284—‘one bundle of miscellaneous plants, North 
America, &c’ having taken occasion to glance at its con- 
tents I had the satisfaction to find I had secured the 
whole of that part of Pursh’s collections which he had 
not mounted in his herbarium proper (the last having 
been sold to another party.)” 

Additional records of the acquisition of this collection 
by Tuckerman will be found in the Appendix, post. 
Pennell’s engaging postulate €1950: 145) of the acquisi- 
tion of the Lambert collection for the Academy by Dr. 
Thomas B. Wilson proved untrue. 

‘William Pamphlin, 1806-1899, nurseryman, book- 
seller, and publisher, was elected an Associate of the 
Linnaean Society of London at the age of twenty-four. 
He was familiar with Lambert, Robert Brown, Richard 
Taylor, Conrad Loddiges, David Don, and others of this 
period. I find no mention of the acquisition of the im- 
portant Pursh herbarium by Pamphlin in his obituaries 
but Britten and Boulger, Index of deceased British and 
Irish botanists, ed. 2, 235, 1931, say that G. C. 
bought Pamphlin’s herbarium. 

® Pursh’s collection of Polypodium ceteraccinum Michx. 
[P. polypodioides var. michauxianum Weath.] from 
“Natural bridge.” Va., numbered “126,” with “P” in the 
label corner—all in Pursh’s handwriting—now in the 
Herb. Hookerianum at Kew is annotated “Herb. Pursh 
propr.” in an unknown hand. Lambert’s annotations ap- 
pear on the front, “Polypodium incanum Lin. Wild.” and 
on the reverse, “F. Pursh.” This sheet, like those in 
Philadelphia, has been mercilessly trimmed. The W [hat- 
man?] watermark is unlike any other on any sheet seen 
in the Lambert series at the Academy. 

*Cf. Proc. Acad. Nat. Sci. Phila. 8: ix, 1857, where 
“A Collection of plants” appears as a donation made May 
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Flora Americe Septentrionalis ; 
OR, A 
SYSTEMATIC ARRANGEMENT 


AND 


DESCRIPTION 


or 


THE PLANTS 


or 


NORTH AMERICA. 


CONTAINING, BESIDES WHAT HAVE BEEN DESCRIBED BY 
PRECEDING AUTHORS, MANY NEW AND RARE 
SPECIES, COLLECTED DURING TWELVE 
YEARS TRAVELS AND RESIDENCE 
IN THAT COUNTRY, 


BY 


FREDERICK PURSH. 


IN TWO VOLUMES, 
WITH TWENTY-FOCR ENGRATINGS. 


ee ee 


VOL, I. 


LONDON: 
PRINTED FOR WHITE, COCHRANE, AND CO., 
FLEET STREET, 
1814, 
Fic. 1. 


Title-page of first issue of Pursh’s Flora. 
Courtesy of Arnold Arboretum. 


6, 1856. Tuckerman was a Correspondent of the Acad- 


emy in 1848. I have not found a single reference to 
his gift of the Lambert collection in his very numerous 
letters to Torrey and Gray. In my opinion Tuckerman 
rather planned to present the collection to Gray but 
found him unresponsive to his many questions for various 
taxonomic problems and perhaps persuaded by his lichen- 
ologist colleague, T. P. James, who was then a resident 
of Philadelphia, decided to make the gift to the Academy. 
The following quotation from Tuckerman’s letter to 
Gray, Feb. 2, 1857, in the Historic Letter File, Gray 
Herb., demonstrates his feelings at this period: “I will 
not trouble you to write, but shall be very glad if you 
are able at any time to attend to this in the way of your 
correspondence. It is a little discouraging to have no 


acknowledgment of so many parcels of what I never met 
with before.” 





et 








VOL. 96, NO. 5, 1952] 


collection that sheds light on Pursh’s Flora ameri- 
cae septentrionalis, published in 1814 (fig. 1). 
This two-volume work was the first inclusive ac- 
count of the plants of North America, being more 
continental in its scope than the account published 
by André Michaux eleven years before. Pursh 
nearly doubled the number of plant species de- 
scribed by Michaux in 1803, and included the 
important Lewis and Clark plant records brought 
back from the Pacific Northwest. To know as 
accurately as possible the circumstances sur- 
rounding the preparation and publication of this 
Flora of Pursh was then a logical starting point 
for my investigations. 

This work was carried out with the aid of 
grants from the Research Funds of the American 
Philosophical Society. This account is based on 
the examination of hundreds of letters, diaries, 
ledgers, plant specimens, maps, and photographs, 
in addition to the checking and verification of the 
printed record. In this pursuit I am happy to 
acknowledge the assistance given in the first place 
by the late Dr. Francis W. Pennell, who charted 
the course of the investigations and who gave 
invaluable aid, particularly in the identification 
of the handwriting of naturalists of this period, 
and to Dr. Francis Harper for his stimulating ad- 
vice and for placing at my call his memoranda 
and extensive knowledge of the archive materials. 
I appreciate, too, the critical assistance given me 
by the librarians and archivists at the following 
institutions: American Philosophical Society Li- 
brary; Academy of Natural Sciences of Phila- 
delphia; Historical Society of Pennsylvania; the 
Soston Public Library; Enoch Pratt Free Li- 
brary, Baltimore; Library of Congress; Public 
Archives of Canada, Ottawa; Gray Herbarium of 
Harvard University; New York Botanical Gar- 
den; the Divisions of Manuscripts of the New 
York Public Library and the New York State 
Library, Albany; the Wood Library of Ornithol- 
ogy, McGill University; the General Library, 
British Museum (Natural History) ; Watkinson 
Library, Hartford, Conn.; Essex Institute, Salem, 
Mass. ; and the libraries of the Workingmen’s In- 
stitute, New Harmony, Indiana; Syracuse Uni- 
versity ; Yale University ; Amherst College; State 
Teachers College, West Chester, Pa.; and Tulane 
University. For particular questions answered 
or materials provided I am indebted to P. K. 
Agar, Roseau, Dominica, B. W. I.; Dr. A. Hunter 
Dupree, Texas Technological College ; Dr. Robert 
K. Enders, Swarthmore College; Dr. John F. 
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Fulton, Yale Medical Library; Dr. Walter H. 
Hodge, University of Massachusetts; Dr. Frank 
Morton Jones, Wilmington, Del.; Marcel Ray- 
mond, Montreal Botanic Garden; Dr. Karl 
Rechinger, Naturhistorisches Museum, Vienna; 
Noel Y. Sandwith, Royal Botanic Garden, Kew; 
Willman Spawn, Philadelphia; Sarah Pattee Stet- 
son, Williamsburg, Va.; and Dr. Frans Verdoorn, 
Chronica Botanica, Waltham, Mass. My wife, 
Ada Nesta Dunn, who organized much of the 
data for this study, devotedly following the edict 
of David Starr Jordon for the wives of scientists, 
has ably played her role of “critic on the hearth.” 
I am indeed grateful to all of these persons for 
their generous assistance. 


EARLY YEARS IN SAXONY 


Pursh was born Friedrich Traugott Pursch 
February 4, 1774, at Grossenhain, Saxony, and 
attended public schools in Grossenhain. His 
brother Carl August Pursch tells us that Fried- 
rich his youngest brother, lacking financial means 
to pursue a scientific education as he wished, 
joined him in Dresden where Carl was secretary 
of the K6nigliche Sachs Kabinets-Kanzlei and in 
a position to aid him.’ While in Dresden, Fried- 
rich was a student under the Court gardener, 
Johann Heinrich Seidel, author of three horti- 
cultural titles published in Dresden. From Seidel, 
Pursh may have learned the use of reference 
books in botany and the preparation of manu- 
script for the printer. He joined the staff of the 
Royal Botanic Garden of Dresden most likely in 
the capacity of student-gardener. From _ his 
brother’s testimony we learn that “soon he showed 
an extraordinary preference for the study of the 
natural sciences and particularly for botany in 
which, partly through the use of the royal library, 
partly through association and various excursions 
undertaken with several authorities of this sci- 
ence, in a short time he made considerable prog- 
ress.” Carl Pursch continues, “His untiring ac- 
tivity at that time did not escape the attention of 
Hausmarschall Freiheer von Rackniz ... , and 
by him he was recommended to Professor Becker, 
who turned over to him the botanical part of his 
work Der Planische Grund bei Dresden, mit 
Hinsicht auf Naturgeschichte und schone Gar- 


5 Cf. Flora 10: 491-496, 1827. There is a translation 
prepared by Mabel P. Hollister of this rather difficult 
German passage attached to a letter from W. R. Maxon, 


June 4, 1932, to J. H. Barnhart, in Barnhart Correspond- 
ence, N. Y. Bot. Garden. 
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tenkunst, issued in 1801 at Nurnberg in two vol- 
umes with copper-plate prints, which task he had 
the satisfaction of completing creditably.” 

While Pursh was at the Royal Botanic Garden 
at Dresden he became particularly interested in 
exotic plants, a subject which no doubt excited 
his ambition to travel in America. It was while 
he was at the Garden that the invitation came to 
superintend a botanical garden, for so it is desig- 
nated by Carl Pursch, in the vicinity of Baltimore, 
and he embarked for that city in January, 1799, 
with the intention of returning to Saxony after 
a few years in America. Thus in his twenty-fifth 
year Frederick Pursh sailed for America, but the 
precise details of his employment, if preserved in 
Dresden or in the local town records of Grossen- 
hain, are inaccessible at present. 


REPUTED EMPLOYMENT AT BALTIMORE 


Though we have both Pursh’s own statement, 
and that of his brother, to the effect that he first 
served at a botanic garden in the vicinity of Balti- 
more, I have been unsuccessful in tracing the 
exact nature of this engagement, finding no rec- 
ord of a botanic garden or extensive private gar- 
den in Baltimore in 1799-1800, unless we admit 
Hedrick’s commentary (1950: 296). “Baltimore 
had a number of beautiful estates, one of which, 
Hampton, seat of the Ridgely family, is notable 
for several historical events in the horticulture of 
the country.” <A _ glass-covered orangery, built 
about 1784, “for many years sheltered one of the 
best collections of citrus fruits in America.” Then 
there was “John Lieutard, Gardner and Florist, 
from France,” who also had “a good Collection of 
Natural Curiosities, from the Province of Dau- 
phiny, very proper for a Cabinet of Natural His- 
tory” (op. cit., 166). Perhaps more likely as a 
possible place of Pursh’s employment in the 
Baltimore area was “Maximilien Henisler; Nurs- 
ery Man and Seeds Man, At this Plantation, on 
the Main Road to Philadelphia, about a Mile and 
a Quarter from Baltimore-Town.”  Rafinesque 
wrote in 1817 that although botanical gardens 
were in contemplation by subscription in Phila- 
delphia, New York, and elsewhere, none was evi- 
dently established in Baltimore by that date.® 
The Baltimore city directories for 1799 and 1800— 


Mo. Mag. & Crit. Rev., 2: 83, Dec. 1817. 
Col. John O'’Donnell’s estate, “Canton,” visited by the 
English traveller Parkinson in 1800, approached a “bo- 


tanic garden.” Gardens of Colony and State 2: 121-129, 
1934. 


® Amer. 
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1801 contain no entry for Frederick Pursh. 
There are, however, two possible alternative places 
of employment for Pursh in places not far distant 
from Baltimore during his first years in America: 
Pratt’s garden and Humphrey’ Marshall’s. 
Alexander Gordon, botanical collector of Eng- 
land who visited America for George Charlwood, 
nurseryman and Covent Garden seedsman, in 
1832 suggests that Pursh was employed at the 
grounds of Henry Pratt. He says, “|The gar- 
den| of Mr. Pratt, about four miles from Phila- 
delphia, has long been noted for its choice collec- 
tion of plants. It was there Pursh made his first 
attempt at collecting the American flora; and his 
exertions were amply rewarded” (1832: 285). 
It is said that Pratt’s garden at Lemon Hill near 
Philadelphia, which today forms a part of Fair- 
mount Park, reached the height of its beauty be- 
tween 1820 and 1825, having been laid out in the 
geometric mode, and that the gardens as a whole 
“were the most perfect specimen of this style in 
America” (Strong, Muzzey, and Sturtevant, 
1880: 49-50). If Gordon’s statement is correct, 
then Pursh must have paid scant attention to the 
Baltimore gardens. 

The suggestion that Pursh may first have 
worked at the botanical garden of Humphrey 
Marshall at Marshallton near this city comes from 
the report on early natural history in America in- 
corporated in the manuscript Record Book of the 
Chester County Cabinet of Natural Science dated 
1828. The pertinent sentences read: 


In the year 1774 the late Humphrey Marshall estab- 
lished his Botanic Garden at Marshallton; he ap- 
plied himself very diligently to the improvement of 
the place, and, to the collection of plants, especially 
such as were indigenous to the United States. The 
Garden soon obtained a reputation; and for many 
years before the death of Mr. Marshall, it had become 
a curiosity to men of science: Mr. Frederick Pursh 
informs us, that it was the first place of a botanical 
character visited by him after his arrival in America. 


It is well established from many existing letters 
that Marshall was in correspondence with many 
Europeans, and “his book on American trees and 
shrubs received the stamp of scientific approval 
by translations for foreign students . . . Marshall’s 
Arbustum Americanum (1785) was . . . repub- 
lished in Germany where foresters believed that 


71 am aware that Marshall’s first name is often spelled 
“Humphry” on excellent authority but an examination of 


hundreds of pieces of Marshalliana gives no confirma- 
tion. 
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the more rapidly growing American trees, if trans- 
planted, might augment the dwindling supply of 
German timber” (Kraus, 1942: 265). Jean 
Reichert, head gardener of the estate of the Duke 
of Saxe Weimar, wrote Humphrey Marshall on 
one occasion that he had also “the special care of 
all the Dukes’ gardens in these parts and to supply 
them he was in need of plants.” * Baron Itzen- 
plitz of Berlin, who was in communication with 
Reichert, in a letter to Moses Marshall, Humphrey 
Marshall’s nephew, of November 18, 1799, men- 
tions various horticultural matters but does not 
remark on the coming American journey of Pursh 
to Marshall's garden, as would have seemed natu- 
ral in view of Pursh’s nationality. and the fact 
that he served previously with the Dresden Bo- 
tanic Garden. This throws some doubt on Pursh’s 
having taken employment with Marshall, I be- 
lieve, though one is tempted to make the asso- 
ciation. 

Humphrey Marshall, born October 10, 1722 
(o.s.) at West Bradford Township, near West 
Branch, Brandywine, according to the above- 
mentioned Record Book of the Chester County 
Cabinet of Natural Science, had, it is said, a rapid 
recognition of plants in the field but turned blind 
late in life. “His disposition was benevolent, his 
judgment vigorous, his memory retentive. The 
science of plants was his favorite study.” He 
died on November 5, 1801.° Nineteen years be- 
fore, William Hamilton had been introduced to 
Humphrey Marshall, then living at Bradford, 
Pennsylvania, by Thomas Parke of Philadelphia 
in a letter dated September 5, 1782. 


The bearer, William Hamilton Esqr. intending to 
pass through part of Chester County is desirous of 
being introduced to my friend Marshall’s acquaint- 
ance—his knowledge of Botany and Natural History 
—his taste for cultivating the many curious produc- 
tions of America, united to his very amiable char- 


8H. Marshall Correspondence, 1: 51, Dreer Coll. lot 
no. 175, Penna. Hist. Soc. 

® The data on Humphrey Marshall is drawn principally 
from the account prepared by the Committee on the con- 
dition of the Chester County Cabinet of Natural Science, 
Henry H. Van Amringe, chairman, and William Dar- 
lington, member, as incorporated in its Record Book, now 
in the West Chester State College Library (p. 49). 
Marion Parris Smith, who wrote Marshall’s biography 
for the DAB, but who was evidently unaware of this 
source material, says his eyesight was impaired but that 
he did not become blind. Asa Gray propagated the 


wrong year for Marshall’s death (Bot. Gas. 7: 141, 
1882). 
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acter, will I am confident give him a welcome recep- 
tion at Bradford.'° 


Marshall's friendship for Hamilton continued 
down the years and Hamilton was evidently 
liberal in sharing his choice and curious plants 
with Marshall—he was not generous with all 
comers!** His remark on the occasion of send- 
ing a Tea Tree to Marshall in May of 1799 illus- 
trates: “You may be assured what ever it is if I 
have two of the kind you will be wellcome to 
one.” ** Though Pursh may not have been em- 
ployed by Marshall he is known to have visited 
his gardens at Marshallton. In any event, it is 
interesting to find that after Marshall’s death 
Hamilton sought the services of the best informed 
gardener in the region at the time, Pursh, whose 


experience in German estates had impressed 
Hamilton. 


PURSH AND WILLIAM HAMILTON 


William Hamilton, 1745-1813, the proud 
grandson of Andrew Hamilton, lawyer, designer 
of the State House, speaker of the Assembly, etc., 
inherited a tract of about three hundred acres on 
the south bank of the Schuylkill, which he called 
the “Woodlands” along with a large estate from 
his family. In his own lifetime William Hamilton 
increased the acreage, built the mansion, which 
still stands, and brought together in the grounds 
an extensive collection of trees and flowering 
plants. He showed little enthusiasm for the cause 
of the Americans and departed as soon as possible 
after the Revolution for England. He studied 
gardens abroad, took notes, and collected an as- 
sortment of seeds and plants to bring back to 
America for the garden he planted at the Wood- 
lands. Thompson Westcott and more recently 
Sarah P. Stetson'® have described Hamilton’s 
garden and how it was created. It remains to add 
here a few notes on the more strictly botanical 
aspects of Hamilton’s “Woodlands.” Evidently 
the first gardener was John Lyon, ?-1814, bo- 
tanical explorer ‘“‘an indefatigable collector of 


10H. Marshall Correspondence, 1: 8, Dreer Coll. lot 
no. 175, Penna. Hist. Soc. 

11 Stetson, S. P., William Hamilton and his “Wood- 
lands,” Penna. Mag. Hist. Biog., 73: 26-33, 1949. 

12 Wm. Hamilton, The Woodlands, May 3, 1799, to 
H. Marshall, in H. Marshall Correspondence, 2: 52, 
Dreer Coll. lot no. 175, Penna. Hist. Soc. 

13 Westcott, Thompson, Historic Mansions and Build- 
ings of Philadelphia, Philadelphia, 415 et seq., 1877, and 
Stetson, S. P., loc. cit., 1949. 
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mountain plants,’ '* who later maintained at least 
a growing yard or nursery (?) of his own in 
Philadelphia. Lyon may have entered Hamilton’s 
employ as early as 1796."° Doubtless Lyon was 
instrumental in bringing into early horticulture 
shrubs from Charleston and Savannah gardens 
through their cultivation at the ‘“ Woodlands.” 
Among Lyon’s correspondents was Dr. John 
Brickell of Savannah. 
ing out and 


Lyon was keen on search- 

new American plants, 
whereas we shall find Pursh, his successor at the 
“Woodlands,” eager for their description for bo- 
tanical science. Though it is generally stated in 
the biographical accounts of Pursh that he went 
to work for Hamilton in 1802 I find a letter of 
Rafinesque to Rev. Henry Muhlenberg to the ef- 
fect that Pursh “will become Mr. Hamilton’s 
gardener next September,” that is, of 1803."° 
Muhlenberg had earlier been inquiring about 
Pursh of Rafinesque, as if he had heard that 
Pursh was perhaps already at the “Woodlands,” 
and Rafinesque promised in his letter of June 4, 
1803, “I do not know Mr. Bursh [sic] & there is 


growing 


14 Little has been published regarding John Lyon, 
though he was without doubt one of the most important 
botanical collectors of this colonial period. His journal 
of travels is at the Amer. Philos. Soc. The characteri- 
zation quoted here is from a letter dated Nov. 8, 1809, 
of the series of letters in the Muhlenberg-Elliott, corre- 
spondence at the Arnold Arboretum Library, which con- 
tain many references to Lyon. Darlington’s Reliquiae 
Baldwinianae, 1843, also should be consulted. Capt. 
Mayne Reid fictionalized Lyon in an adventure story! 
(cf. Hedrick, 1950: 405.) There is a reference to a 
“gardner” at the Woodlands much earlier (letter of 
Thomas Parke, Phila., April 27, 1785, to H. Marshall, 
in H. Marshall Correspondence, 1: 17, Dreer Coll. lot 
no. 175, Penna. Hist. Soc.) but he is not identified fur- 
ther and may scarcely have deserved the title (?). 

15 “Gardener in Philadelphia in 1796” teste Britten and 
Boulger, Biog. Index of deceased British and Irish 
botanists, ed. 2, 196, 1931, where additional Lyon refer- 
ences are provided. This date is suggested by Hamilton 
reporting Robinia viscosa as “nova from Carolina” in a 
letter to H. Marshall dated Nov. 23, 1796 (H. Marshall 
Correspondence, 1: 42, Dreer Coll. lot no. 175, Penna. 
Hist. Soc.). This reference to the ‘“Rose-flowered 
Robinia,” discovered by William Bartram on the Great 
Ridge which divides the Oconee and the Savannah basins, 
may not involve a Lyon collection but a planting grown 
from Bartram’s seeds (?). 

16 C. S. Rafinesque, Philadelphia, July 10, 1803, to H. 
Muhlenberg in H. E. Muhlenberg Letters, 71, in Penna. 
Hist. Soc. Pennell (1950: 142) states that Pursh be- 
came gardener at the Woodlands in 1799, passing over 
his alleged employment in the Baltimore area. 
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a while I have not been at Mr. Hamilton’s place, 
the first time I'll go I shall enquire of him.” ** 

Snippets of the North American plants grown 
at the “Woodlands” taken by Pursh, and labelled 
in his handwriting, are preserved at the Academy 
of Natural Sciences. They were taken to Eng- 
land and used by Pursh in the preparation of his 
Flora but left in their papers and not incorporated 
in the Lambert herbarium proper, likely because 
of their poor quality by Lambert’s standards of 
excellence.** These small specimens reflect 
Hamilton’s interest in such groups as the oaks, 
ericads, and the like, and represent some of the 
earliest records of American gardens. He was 
at the “Woodlands” on the occasion of the bloom- 
ing of Agave americana in 1804, for though it had 
bloomed earlier in Charleston, South Carolina, 
in 1763, it had not been brought into flower as 
far north as Philadelphia (Strong, Muzzey, and 
Sturtevant, 1880: 35). 

An important part of Pursh’s life at the ‘““Wood- 
lands” was his meeting there with William 
Bartram, Henry Muhlenberg, John Eatton Le- 
Conte, and Benjamin Smith Barton, who was 
later to become his patron.’® In an undated letter 
to William Bartram, William Hamilton says, 
“Mr. Pursh tells me that he was at your house 
yesterday and that you showed him a white grape 
which you called Blands grape.” *° Hamilton 
asks Bartram to send by the bearer of the fruit, 
or better “as many as will fill a plate as if the 
fruit good, it would serve as an interesting part 
of our Desart at dinner today for Mr. and Mrs. 
Merry whom I expect will be here.” *! Mrs. 
Merry, the wife of the British ambassador, was an 
enthusiastic botanical devotee who visited Rev. 


17H. Muhlenberg Letters, 67, in Penna. Hist. Soc. 

18 Qn the occasion of George Bentham’s sorting Cum- 
ing’s Chile and Peru collections for distribution, Daydon- 
Jackson sketches a portrait of Lambert: 

“The best set was for Hooker; then Brown, in his 
careful, quiet manner, scrutinising the whole series be- 
fore he had fixed upon the most instructive specimen, 
whilst Lambert, who at once cast his eye upon the most 
showy specimen, with large leaves and numerous well- 
dried flowers, watched with the most keen and anxious 
countenance their being handled by Brown, in fear his 
fine specimen should be taken from him” (Life of Ben- 
tham, 78, 1906). 

19 Both Hooker (1825: 114) and Gray (1882: 323) 
stress Pursh’s fortunate meeting with these Philadelphia 
naturalists. 

20L. H. Bailey assigns Vitis blandi to “probably 
[Vitis] Labrusca” (Gentes Herb. 3: 164, 1934). 

21 Bartram papers 4: 49b, Penna. Hist. Soc. Dr. Fran- 
cis Harper directed my attention to this reference. 
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Muhlenberg at Lancaster, as Henry observed, 
“collecting everything for England.” 
Muhlenberg addressed her as “my Flora Brit- 
tanica.” 

Through all of these years Thomas Jefferson 
maintained a warm interest in Hamilton’s garden, 
addicted as he was to matters horticultural as 
attested by the researches of Professor E. M. 
Betts (1944), intimating from time to time that 
he would appreciate the opportunity to try some 
of Hamilton’s attractions at his own Monticello. 
The transcontinental expedition set out for the 
Pacific Northwest during Jefferson’s presidency 
and Pursh’s years at the “Woodlands,” and, in- 
deed, one wonders whether he might not have 
been considered as botanist of the exploring party 
—was he too little known in America, or was the 
suspicion of espionage arising from the travels of 
the late André Michaux too fresh, to allow the 
German gardener consideration? In any event, 
Meriwether Lewis and William Clark, Americans 
both, brought back a notable natural history col- 
lection, even with the loss by the wreck of one of 
the canoes in the Columbia of the more valuable 
materials taken on the more leisurely westward 
journey. Jefferson’s admiration for William 
Hamilton led him to direct the shipment of pre- 
cious seeds from the Lewis and Clark expedition 
to his garden. Of the many horticultural friends 
of Jefferson, the Philadelphia seedsman Bernard 
M’Mahon alone shared the honors with Hamilton. 
But I find no mention of Pursh in the volu- 
minous Jefferson correspondence or of his serv- 
ices at the “Woodlands,” though surely Jefferson 
must have met him upon the occasion of his visits 
to Hamilton’s estate. In the light of Jefferson’s 
sympathetic interest in botanists and explorers, 
witness his later friendship for John Bradbury 
during his journey in America, Jefferson’s silence 
is all the more singular. Evidently Pursh left 
the Hamilton garden in fine flower when he went 
to work for Dr. Benjamin Smith Barton in Phila- 
delphia, for Jefferson wrote Hamilton in July, 
1806, that the “Woodlands,” for the variety and 
tasteful display of its collections, was “the only 
rival I have known in America to what may be 
seen in England.” 2? Hamilton became increas- 
ingly miserly with his treasured plants as he grew 
proud and gouty. M’Mahon complained to Jef- 
ferson that he coveted some of the varieties that 
he had seen in Hamilton’s garden, perhaps hop- 


22 Jefferson Papers, Library of Congress; quoted by 
Betts, 1944: 323. 





Indeed, * 
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ing that by intercession of Jefferson they might be 
secured. For Jefferson this miserliness on Ham- 
ilton’s part may have been security for the Lewis 
and Clark novelties until the time when the jour- 
nals of the expedition had been published, and the 
new plants duly described. In Hamilton’s griffen 
hold they had security. 

Evidently Hamilton reemployed John Lyon as 
his gardener after Pursh left to work for Barton, 
for he laments Lyon as “an indifferent gardener,” 
at the “Woodlands” in February, 1808. Lyon 
was now developing his Philadelphia nursery of 
native plants and may have slighted Hamilton’s 
garden. Meanwhile, Hamilton, epicure that he 
was, suffered increasingly from gout. Jefferson 
wrote in 1809 suggesting that he pause at Monti- 
cello en route to a hot springs health resort, in- 
cidentally to give Jefferson advice on his Virginia 
plantings, and though he later made another trip 
to Niagara for his health, he returned worse with 
palsy on his right side. His decline was gradual 
and he died June 5, 1813. Only six weeks later 
his “Woodlands” estate was described as a “wil- 
derness and lost.’’** Thus ended the era of an 
horticulturist, whom the botanist Willdenow had 
memorialized in the generic name Hamiltonia, 
who had introduced into America or popularized 
here such exotics as the Lombardy poplar, Camel- 
lia, tea bushes, spice plants, and the Ginkgo. 


PURSH AND BENJAMIN SMITH BARTON 


Benjamin Smith Barton, 1766-1815, physician, 
professor, naturalist, student of Indian tribes, and 
diseases, bibliophile, and citizen of Philadelphia, 
is no stranger to you for Dr. Pennell has told you 
of his life and works on a previous occasion.** 


23 Letter of H. Muhlenberg, Lancaster, Feb. 1, 1811, 
to S. Elliott, in Arnold Arboretum Library. 

24 Pennell’s paper (1942) is authoritative, balanced, 
and objective but there remains a lode of materials for 
a future spirited biographer. Endowed with an aptitude 
of expression not unlike Jefferson’s, Barton often wrote 
effectively. When he answered Dr. Wm. Darlington re- 
garding the use of the name “Rittenhouse Academy” for 


. what became to Darlington’s disappointment simply the 


“West Chester Academy”! Barton said of Rittenhouse : 

“In the present unhappy state of our country when 
good and great men are too frequently kept at a distance 
from each other, merely by the differences of their po- 
litical creeds, or opinions, it will reflect honour upon the 
people of your country, that, laying aside all their prej- 
udices, they return, with generous and grateful feelings, 
to the memory and services of him, who with Franklin, 
first made us known as a people of science, among the 
nations of the world. 
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Barton launched a medical periodical and estab- 
lished many contacts at home and abroad, but pro- 
jected many more books and explorations than 
he was ever able to cultivate down to their harvest. 
The plant anatomist Nehemiah Grew remarked 
in 1671, “if but little should be effected, yet to 
design more can do us no harm.” Barton 
planned, among other comprehensive works in 
zoology, ethnology, and medicine, a flora of North 
America, and in fact published seventy-four pages 
of a Flora Virginica before realizing the near- 
insurmountable task that such an undertaking 
throws before its author.** Barton’s interest in 
writing a continental flora of North America must 
have been renewed when President Jefferson had 
delivered to him on November 16, 1805, the plant 
collections of the Lewis and Clark expedition. It 
was evidently the express intent of Jefferson to 
have his naturalist-friend Barton prepare the text 
of the botany and zoology accounts to accompany 
the forthcoming narrative of the expedition. 
What an opportunity came to Barton! Had he 
seized it at once and brought to publication the 
many novelties later described by Pursh from 
these very specimens he would have taken an 
even more prominent place in American botany 
than he holds today. But Barton was a per- 
fectionist and evidently wished to draw up first 
a comprehensive account of the Atlantic states’ 
flora before diverting his energies on the Lewis 
and Clark novelties. It is altogether natural, then, 
that he should patronize Pursh on what amounted 
to the first extended botanical exploration spon- 
sored by an American in this country. On this 
first trip for Barton, Pursh visited the mountains 
of western Maryland, and proceeded southward 
to the border county of North Carolina and re- 
turned along the coastal plain. From this trip of 
1806 there remains today a rich series of 895 plant 


“Philosophers are men not merely of to-day, but of 
ages yet to come. Their fame often grows with the 
progress of time. “The Rittenhouse Academy,’ the hill 
or the plain on which it stood, may be dear in future 
ages, when the /ittle political distinctions of our times 
shall be entirely forgotten,—will be dear, to every lover 
of American literature and science, and never can be 
mentioned or contemplated without a fond remembrance 
of one of the most happy unions of genius and science, 
of modesty and virtue, in the same person.” 

B. S. Barton, Philadelphia, Nov. 23, 1811, to Wm. 
Darlington, Darlington papers, 1, West Chester State 
College Library. 

*8 Pennell, F. W., The Elder Barton—his plant-collec- 


tion and the mystery of his floras, Bartonia 9: 17-34, 
1926. 
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collections in the Barton Herbarium belonging to 


the American Philosophical Society and deposited 
at the Academy of Natural Sciences. There is 
a report of the existence of a journal covering 
this journey of 1806 among the Barton papers at 
the Historical Society of Pennsylvania but Pen- 
nell failed to identify it as Pursh’s ** and I be- 
lieve it to be one of Professor Barton’s own 
journals, namely, his journal of a visit to Virginia 
in 1802. These Pursh plant collections remained 
in Barton’s possession, whereas the earlier collec- 
tions made in Hamilton’s garden were taken to 
England later by Pursh.2* These Virginia speci- 
mens, then, though numerous and rather more 
ample as specimens and with ascertainable locali- 
ties, were not involved in the publication of the 
Flora in 1814, except as Pursh alludes to them in 
his statements of the ranges for various species. 
As Pennell remarks, “Barton, the busy professor, 
had never gathered his information so precisely, 
nor in such wholesale fashion” as Pursh did 
(1942: 117). It seems to me likely, too, that as 
Pennell continues “the coming of a remarkable 
taxonomic assistant revealed in the sensitive pro- 
fessor what unsuspected flaws there were in 
| Barton’s] Prodromus.” In 1807 Barton financed 
a second “pedestrian tour,” this one to the north- 
ward, when Pursh visited the northern parts of 
Pennsylvania and central New York State and 
reached Rutland, Vermont. For this trip we have 
Pursh’s journal, published in a small edition in 
1869 by the lichenologist Thomas Potts James for 
private distribution, from the original copy in the 
Library of the American Philosophical Society,** 


26 Cf. Proc. Amer. Philos. Soc. 86: 117, fn. 33, 1942. 
27 The Pursh collections made at the Woodlands now 
in Barton’s herbarium (cf. Pennell, 1950, fig. 10) were 
made while in Barton’s employ, I believe, whereas those 
which went to England and came to the Academy by the 
Tuckerman gift date from Pursh’s residence at Hamil- 


ton’s garden. Neither series bear dates but their prove- 
nance provide an approximate year. 

28 The discovery of Pursh’s field journal of 1807 among 
the Barton papers in the American Philosophical So- 
ciety Library, its subsequent publications in three media, 
the ultimate bringing of the accompanying Pursh map 
to the Society’s Library via Lambert, Tuckerman, Gray, 
and T. P. James, are all details of lively interest but 
scarcely merit recitation here. A few points should be 
clarified: the discovery and correct identification of the 
Pursh journal turned on a passage concerning Hart’s 
tongue fern (Scolopendrium) in western New York 
found to match its rediscovery as reported by J. A. 
Paine, Jr., in the Amer. Jour. Sci. and Arts 42: 281- 
282, 1866. Thomas Potts James, then acting librarian of 
the Society, noticed the possible significance of the Pursh 
journal that bore no authorship except the memorandum 
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and later reprinted by the Onondaga Historical 
Association in 1923 with commentary, and the 
introduction of some errors, by Rev. William M. 
Beauchamp. The Pursh plant collections, num- 
bering about one hundred and fifty specimens, 
are also in the Barton collection, and have been 
the subject of a careful study by McVaugh 
(1935). Of more than ordinary interest is the 
manuscript map of Pursh’s tour of 1807 *° in the 
Library of the American Philosophical Society, 
the gift of Professor Asa Gray, to whom it was 
given by Professor Edward Tuckerman (fig. 2). 
The map was referred to by Pursh in his Journal 
under date of June 12, 1807, when he says, “‘it 
formed itself into a rainy day alltogether, & hav- 
ing procured an old toren map of the tract of my 
journey at Minisink, which I found would all 
fall to pieces immediately, I betuck myself to mak- 
ing a copy of it, which occupied me nearly all 
day.” Willman Spawn has identified this manu- 
script as a good copy of a map entitled, “A Map 
Showing the Relative Situation of a Tract of 
Land Belonging to I. B. Church, Esq.,” and dated 
“New York, August 1, 1804.” There is, more- 
over, an earlier edition, bearing the date “July 
1, 1803,” but otherwise identical. On the occa- 
sion of the gift of the map to the American Philo- 
sophical Society by Asa Gray, Thomas P. James 
remarked, “a singular incident where things are 
brought together after a long period of separa- 








“to have been a German, & a friend of the late Dr. Benj. 
S. Barton” inscribed by Joseph Correa de Serra, the 
Portuguese minister and botanist who examined Dr. 
Barton’s books for his widow at the time of their sale 
to the Pennsylvania Hospital, on the title page. The 
date “1817” for Barton’s death is a sphalmate for 1815. 
James wrote Tuckerman, March 28, 1868, that “I com- 
menced to copy it & had about one third copied which I 
sent to the Editors of the [American] Naturalist for in- 
sertion but they respectfully declined it.” James’s an- 
notation in the Society’s copy reads: “this Journal ap- 
peared regularly in the ‘Gardener’s Monthly’ during the 
years 1868/69—a periodical published in Philadelphia, 
Penn. A few reserved copies only were thrown into 
form and bound.” Judging from the bound copies ex- 
amined these were evidently all distributed by James as 
gifts to botanical friends. James wrote Asa Gray, Jan. 
2, 1869, that he “had recently a note from Tho[mas] 
Meehan informing that the publication of Pursh journal 
in the ‘Monthly’ was appreciated and that a call had been 
made by some editor to have the journal [accompanied 
by] a memoir and portrait of Pursh .... I expressed 
a doubt of the existence of one.” No portrait of Pursh 
has yet been found. 

29 The provenance of the map is given on p. 17 of the 
1869 James edition of Pursh’s Journal and on p. 14 of 
the 1923 Beauchamp edition. 
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tion: in this case, a term of 60 years has elapsed.” 
It is doubly interesting that the source of Pursh’s 
hand-made map, taken from a tavern wall in 
Minisink in 1807, can now be traced to a rare 
sales map which is not accounted for in the usual 
cartographic indices. 

The relations between Pursh and Barton are 
difficult to evaluate lacking as we do any letters 
from either of them to friends, or published ref- 
erence to the nature of the patronage. In a Bar- 
ton manuscript preserved in the Library of the 
American Philosophical Society, and published by 
Pennell (1936: 50), there is a kind of negative 
evidence that Dr. Barton was displeased with 
Pursh and his handling of the original publication 
of Bartonia, a genus now united with Mentzelia, 
when Barton says, 


In England Mr. Nuttall became acquainted with 
Mr. Frederick Pursh, whom also I had formerly em- 
ployed, at my own expense, to explore the botanical 
treasures of the United States. . . . Pursh adopted 
from Nuttall [underscored in original] the generic 
name of Bartonia, and by this name gave an ac- 
count of one of the species (from dried specimens) 
in the Botanical Magazine, n. 307, pl. 1487. The 
Bartonia decapetala of this work is the Bartonia 
superba of Nuttall. The German botanist has since, 

. changed the trivial name of decapetala to that 
of ornata. These memorandums .. . afford me an 
opportunity to doing some justice to the zeal and 
services of Mr. Nuttall, who has contributed essen- 
tially to extend our knowledge of the North-Western 
and Western Flora of North America; and to whom 
the work of Frederick Pursh is under infinite obliga- 
tions. 


Feelings were evidently strained and embit- 
tered by competition for publication between 
Pursh and Nuttall, judging from the several re- 
marks in Nuttall’s Genera of North American 
Plants, and it appears that Barton in the years to 
come took sides with Nuttall against Pursh when 
differences of opinion arose between the two bot- 
anists. Yet, as Pennell has remarked (1942: 
118) “we have seen that Frederick Pursh had be- 
come the actual developer of the Barton Her- 


barium,” and that “Nuttall, unlike Pursh, never 


publicly revealed his indebtedness to Professor 
Barton.” 

Pennell has summarized the situation ably 
when he writes, “one wonders on what terms 
patron and assistant parted in 1807. Perhaps 
Pursh was motivated by a natural desire for in- 
dependence, and thought that there was more of 
a future in the New York opening than ever de- 
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land sale map of 1804. 


veloped. Or perhaps he wished to escape from 
thralldom to Barton, and may have suffered from 
his patron’s irritability and even jealousy; one 
suspects the latter, since Barton’s speech of 1807 
gives no credit whatever to his brilliant helper.” *° 


PURSH AND BERNARD M’MAHON 


We recall that Professor Barton received the 
Lewis and Clark plant collections in November, 
1805. Was a part of the agreement between Bar- 
ton and Pursh that these collections should be 
ordered up at once? Was Pursh employed also 
as botanical author or merely as field collector? 


80 Pennell, 1942: 118. Barton’s slighting of Pursh’s 
efforts is conspicuous, for example, when in the preface 
to his Flora Virginica (ix, 1812) he makes abundant 
references to contemporary authors: Michaux, Walter, 
Bartram, Abbott, Persoon, Muhlenberg, Josselyn, 
Schoepf, Cutler, and to his own travels often providing 
dates for each trip, but makes no mention of Pursh! 


Pursh’s map of his second (northern) tour for Professor B. 
Original in 
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S. Barton in 1807, based on Church’s 
Philos. Soc. 


Amer. 
[ am inclined to think Barton intended to write 
the account of the Lewis and Clark collections 
himself, and subsidized Pursh to collect the At- 
lantic States’ species for inclusion in his pro- 
jected flora. Did Pursh, then, aware of the need 
of a comprehensive flora for North America and 
the unlikelihood of Barton’s ever writing such an 
account, decide to quit Barton? In any event, it 
was only a matter of days after Pursh’s precipi- 
tous return from Rutland, discouraged, ill, and 
penniless, that he took up lodging with the Phila- 
delphia nurseryman Bernard M’Mahon to work 
on the Lewis and Clark collections. This phase 
of Pursh’s life has been generally overlooked by 
his biographers. 81 Jefferson was still deeply con- 


31 Notable exceptions are True (1928: 10 et seq.) and 
Stetson (1946: 363) who develop Pursh’s association 
with M’Mahon. Fulling (1945: 261) oversimplifies the 
story when he reduces the matter to a sentence: “The 
task of describing the plants collected was given by Lewis 
through his friend Bernard McMahon to the English 
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cerned over the interminable delays in bringing 
the fruits of the Northwest exploration before the 
public. Meriwether Lewis, then governor of the 
Louisiana Territory, requested M’Mahon to as- 
sist in organizing these discoveries toward early 
publication. The pertinent Lewis correspondence 
has not been located in this connection, but the 
details may be assembled from the Jefferson let- 
ters. M’Mahon wrote Jefferson January 17, 
1809, that for “upwards of twelve months” he 
had employed Pursh, “drawing and describing” 
the Lewis and Clark plants.** M’Mahon con- 
tinues, “This man, who is completely adequate to 
the task, is becoming very uneasy and I wish him 
not to leave the neighborhood till the arrival of 
Mr. Lewis, by whose particular instructions only, 
he can finish the drawings of some very important 
but imperfect specimens.” The full story was told 
by M’Mahon in a letter to Jefferson from Phila- 
delphia on December 24, 1809, after Captain 
Lewis had died on October 18 of that year, throw- 
ing the situation into a confused state: 


I am extremely sorry for the death of that worthy 
and valuable man, Governor Lewis, and the more so 
for the manner of it. I have, I believe, all his collec- 
tions of dried specimens of plants procured during 
his journey to the pacific ocean,** and several kinds 
of new living plants, which I raised from the seeds 
of his collecting which and himself were pleased to 
give me. In consequence of a hint, to that effect, 
given me by Governor Lewis on his leaving this city, 
I never yet parted with one of the plants raised from 
his seeds, nor with single séed the produce of either 
of them, for fear they should make their way into 
the hands of any Botanist, either in America or 
Europe who might rob Mr. Lewis of the right he 
had to first describe and name his own discoveries 
in his intended publication, and indeed I had strong 
reasons to believe this opportunity was coveted by 
[blank] which made me still more careful of the 
plants. 


[!] botanist Frederick Pursh, who published an account 
of them in his Flora americae septentrionalis of 1814.” 
This abridgment by Fulling, and a similar epitome by 
Browne (1944: 37) are perhaps due to Pursh’s own in- 
adequate explanation in which all reference to his em- 
ployment by M’Mahon is omitted. 


82 Quoted by True (1928: 10) and by Betts (1944: 
403). Microfilm of the Jefferson correspondence has 
been available to me at the Library of the American 
Philosophical Society. 

88 Actually specimens taken en route to the Pacific 
coast were lost, the ones preserved being those collected 
on the more hurried eastbound journey. Letter quoted 
in part by True (1928: 11) and by Betts (1944: 418). 
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The name to be supplied in the above blank is 
thought provoking, for it might refer to Pursh 
but I am inclined to think F. A. Michaux was the 
person in M’Mahon’s mind. 


On Governor Lewis’s departure from here, for the 
seat of his government,** he requested me to employ 
Mr. Frederick Pursh, on his return from a collect- 
ing excursion he was then about to undertake for 
Dr. Barton, to describe and make drawings of such 
of his collection as would appear to be new plants 
and that himself would return to Philadelphia in the 
month of May following.*® About the first of the 
ensuing November [1807] Mr. Pursh returned, took 
up his abode with me, began the work, progressed as 
far as he could without further explanation,*® in 
some cases, from Mr. Lewis and was detained by me, 
on expectation of Mr. Lewis’s arrival at my expense, 
without the least expectation of any future remunera- 
tion, from that time till April last; when not having 
received any reply to several letters I had written 
from time to time, to Governor Lewis on the subject, 
nor being able to obtain any information when he 
might be expected here; I thought it a folly to keep 
Pursh longer idle and recommended him as Gardener 
to Doctor Hosack of New York, with whom he has 
since lived. 

The original specimens are all in my hands, but 
Mr. Pursh, had taken his drawings and descriptions 
with him, and will, no doubt, on the delivery of them 
expect a reasonable compensation for his trouble. 

As it appears to me probable that you will interest 
yourself in having the discoveries of Mr. Lewis pub- 
lished, I think it a duty encumbent on me to give 
you [illegible] preceding information and to ask your 
advice as to the propriety of still keeping the living 
plants I have, from getting into other hands who 
would gladly describe and publish them without do- 
ing due honor to the memory and merit of the worthy 
discoverer. 


From this letter of M’Mahon’s it seems clear 
that Pursh was employed to prepare the account 
of the Lewis and Clark plants for inclusion in the 
forthcoming narrative of the expedition but that 
when the publication of the narrative was delayed 
he proceeded, with or without permission from 
M’Mahon or General William Clark, the execu- 
tor of Lewis’s will, to publish the novelties abroad. 
It seems to me likely that Pursh may have divided 


84St. Louis. There is some evidence that Lewis 
planted osage orange and perhaps seeds of other novel- 
ties at St. Louis in a sort of trial garden. 

85 M’Mahon’s statement is curiously garbled for Pursh 
left Philadelphia on his second (northern) excursion 
May 26, 1807, and returned to that city October 6. 

86 Evidently M’Mahon relied on Lewis to direct Pursh 
in the work. 
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the original Lewis and Clark specimens at this 
later date, after arrangements for the publication 
of the expedition’s narrative failed to materialize. 
In any event, as was noticed by Meehan in 1898 
and by Brown (1905: 152), “a number of plants 
marked as coming from Lambert’s herbarium and 
representing the type specimens of many of the 
species described by Pursh in his Flora (among 
which are seven ** of the plants received by him 
from Lewis) now form a part of the Herbarium 
of the Academy of Natural Sciences of Philadel- 
phia.” These, then, represent duplicates of the 
Lewis and Clark series preserved in the Barton 
Herbarium of the American Philosophical So- 
ciety and reported upon by Meehan (1898), and 
in several instances it may be clearly seen where 
the original specimen had been divided into two 
portions but more often a sheet represented in the 
Lambert collection, for example, Berberis aqui- 
folium (cf. Pennell, 1950: fig. 13), is missing 
from the series that remained in Philadelphia. 
In only a few instances do original tickets of 
Lewis’s handwriting accompany the specimens 
taken to England by Pursh, suggesting that scant 
time was vouchsafed to Pursh at the time the 
specimens were divided for the copying of field 
notes ! 

Of the twenty-four plates included in the Flora 
by Pursh the majority were drawn by him, evi- 
dently while living with M’Mahon, while seven of 
the plates were later drawn by William Hooker in 
England. It is interesting to notice that Pursh 
made his drawings by closely copying the outline 
of the pressed specimen, as may be seen by a com- 
parison of the plate of Berberis aquifolium with 
the original Lewis and Clark collection. 

As for M’Mahon successfully keeping the ex- 
pedition’s novelties growing at his garden “from 
the eye of his botanical boarder and coadjuter, 
Pursh, during the months devoted by the latter 
to Lewis’s herbarium material,’ True believes 
(1928: 12) that M’Mahon succeeded remark- 
ably well for “in his Flora Pursh indicates that he 
saw only as dry herbarium material most of the 
very species that McMahon was then growing 
from seeds and cuttings.” When it is remem- 
bered that Lambert grew many of the American 
novelties at his garden at Boyton, True’s observa- 
tion is patent. Jefferson replied to M’Mahon’s 
letter of December 24, 1809, from Monticello, 
January 13, 1810, still insisting : 


87 Actually 46 specimens have been located in the 
Academy Herbarium so far. 
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I think it justice due to the merits of Governor 
Lewis to keep up the publication of his plants till his 
work is out, that he may reap the well deserved fame 
of their first discovery. With respect to Mr. Pursh 
I have no doubt General Clark will do by him what- 
ever is honorable & whatever may be useful to the 
work. 

It remains but to remark tht Pursh was not 
likely long “idle,” as M’Mahon reported to Jeffer- 
son, for we have evidence that during his stay at 
Philadelphia Pursh made collecting trips typical 
of which was the one to the pine barrens of New 
Jersey with Dr. Casper Wistar Eddy, John Eat- 
ton LeConte, and Charles Whitlow. Dr. Eddy, 
nephew of Dr. David Hosack of New York, is 
credited both by Torrey ** and Rafinesque ** as 
the discoverer of Schizaea pusilla, the singular 
Curly-grass fern, collected on this excursion. 
There is some question as to the year of this ex- 
cursion to Quaker Bridge: Pursh does not record 
the date nor does he mention the others who ac- 
companied him; Torrey places the date as 1805; 
William Cooper, who went with Torrey to Quaker 
Bridge in 1818 and recollected the Schizaea there, 
places the trip as 1808.4° The original specimens 
have not been found, but Pursh communicated a 
portion to Henry Muhlenberg who published the 
discovery without providing a description in 1813, 
and Muhlenberg’s specimen may survive in his 
abundant reliquiae preserved in this city. The 
keen competition of the period is vividly sketched 
by Rafinesque in a review of Pursh’s Flora (1818: 


174): 


In an excursion to New-Jersey made by Dr. Eddy, 
Mr. Leconte, and Mr. Pursh, a very rare new species 
of Schizaea was discovered by Dr. Eddy; Mr. Pursh 
did not find a single specimen; but one was lent to 
him, with a positive injunction that Dr. Eddy meant 
to publish that species: however, Mr. Pursh has pub- 
lished it under the name Shizea [sic] pusilla as his 
own discovery. 

From the above instances some idea may be formed 
of Mr. Pursh’s delicacy and liberality; it might be 
tedious to enter at length on the details of each pilfer- 
ing he is guilty of; we shall therefore forbear to 
dwell on them, but shall merely enumerate them.*? 


38 Cf. Selling, 1944: 76, who quotes a Torrey note pre- 
served in Stockholm. Chrysler and Edwards (1947: 
49) also provide details of this excursion. 

39 Rafinesque may well have obtained this information 
(1818: 174) from Dr. Eddy directly. 

40 The authenticity of this statement from William 
Cooper (1798-1864) rests with J. H. Redfield (cf. 
Chrysler and Edwards, 1947: 49). 

41 Another instance of such “pilfering” was Nuttall’s 
publishing Baldwin’s ms. names and views in his Genera 
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Three specimens of Schizaea were reported col- 
lected and this one “lent” to Pursh may represent 
the specimen communicated to Rev. Muhlenberg. 

We note that the same Bernard M’Mahon who 
gave Pursh this opportunity to work on the Lewis 
and Clark plant collections and gave him finally a 
recommendation to Dr. Hosack of New York 
was the author of The American Gardener's 
Calendar, first published in 1806, as Stetson com- 
ments, “a thoughtful, sizable volume” (1946: 
361). Hedrick credits the book as “the first 
really serviceable book for all branches of horti- 
culture published in America” (1950: 474). “For 
50 years the book was the standard authority in 
America its popularity being attested by 11 
editions, the last in 1857” (op. cit., 197). The 
first edition of the Calendar was the only one pub- 
lished during M’Mahon’s lifetime, for he died 
September 16, 1816, and the second edition which 
appeared in 1819 was evidently prepared for the 
printer by Mrs. M’Mahon, who carried on her 
husband’s establishment after his death. (It is 
a commentary on the survival of books of this 
class that I have seen only three of the eleven “edi- 
tions,” some of which may have been mere print- 
ings.) In 1818 Thomas Nuttall commemorated 


him in naming the genus of pinnate-leaved bar- 
berries Mahonia. 


After Pursh had left M’Mahon’s garden Henry 
Muhlenberg wrote his friend Stephen Elliott from 
Lancaster, Pennsylvania, November 8, 1809, that 


Mr. McMahon goes on very briskly with his botani- 
cal garden and much may be expected from his great 
industry. He has given me the same information 
respecting Mr. Lewis’s work. Mr. Pursh, mentioned 
above, undertook the description of the plants and I 
think finished it with the Drawings. D* Barton 
speaks rather too hard of Lewis’s Discoveries. I 
have received from Mr. Lewis only 6 different seeds 
and they are all valuable Plants—I will not publish 


anything about them untill his work has been pub- 
lished.*? 


(1818). Baldwin wrote Darlington of this many times; 
from his letter of Dec. 7, 1818, preserved at the Gray 
Herbarium, I quote: 

“In reply I have requested [Nuttall] to change the 
Balduina. I have no idea of being honored by a man 
who has perjured himself in defense of his plagiarisms 
from me. This plant was found by Mr. Elliott 5 years 
before it was known to me, of which circumstance and 
also Mr. Elliott’s having already named it with his in- 
tention of dedicating another plant to me, was communi- 
cated to Mr. N[uttall]. Such is his regard to truth and 
respect for American botanists.” 

*2 Muhlenberg-Elliott letters in Arnold Arboretum Li- 
brary. Barton had veiled his authorship of a projected 
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Muhlenberg had earlier remarked that “Mr. 
McMahon has begun a botanical garden and I ex- 
pect very much from his Industry. He has an 
excellent place for it near Philadelphia.” ** Jef- 
ferson had been informed of this acquisition, made 
while Pursh was working for him, in a letter 
from M’Mahon of January 3, 1809: 


Last month I purchased in the vicinity of this city 
20 acres of ground, well adapted for a Nursery & 
Botanic Garden, and hope that, in a few years, I shall 
enrich that spot, and through it, in some measure, 
the Country in general, with as extensive and useful 
a collection of vegetable productions, as can reason- 
ably be expected from the small means of which I am 
possessed, but perseverance and industry, even with 
trifling pecuniary resources, having so frequently 
surmounted what were considered great difficulties 
leave me room to hope; therefore, I do not dispair.** 


M’Mahon evidently gave Pursh a good recom- 
mendation when he left in April, 1809, to work 
for Dr. David Hosack at his Elgin Botanic Gar- 
den in New York City. 


PURSH AND DAVID HOSACK 


As the Rev. Henry Muhlenberg is called the 
“American Linnaeus,” Dr. David Hosack has 
been named the “Sir Joseph Banks of America,” 
so influential were Hosack’s contacts, his friend- 
ships, and his accomplishments. Like Banks, 
Hosack published little but planned much; for 
most of his life he travelled little but with a busy 
practice entertained hundreds of guests, includ- 
ing scientists, artists, and literati. Joseph San- 
som, author of Sketches of Lower Canada, his- 
torical and descriptive, during a tour to Quebec, 
in month of July, 1817, tells how he changed the 
plan for his book after reaching New York. “He 
decided, in a Literary circle, at Dr. Hosack’s, that 


“Catalogue” of the Lewis plants some years before when 
he announced (Phila. Med. and Phys. Jour. 2: 176, 
1805) : 

“Captain Merewether [sic] Lewis has transmitted to 
the American Philosophical Society (through the hands 
of the President of the United States) a number of 
plants, which he has collected in different parts of the 
country that is watered by the river Missouri, and its 
branches. <A catalogue of these plants (with some ac- 
count of those which are new, or very rare) is preparing 
for the Society, by one of its members. These specimens, 
with others which we may hope to receive from Captain 
Lewis, will serve as a beginning of a Flora Missourica. 
Editor.” 

48H. Muhlenberg, Lancaster, June 16, 
Elliott, in Arnold Arboretum Library. 

44 Quoted by Betts, 1944: 401. 


1809, to S. 
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the scope of the work demanded a more elaborate 
designation.” In 1832 the English artist and 
architect, T. K. Wharton, visited Hosack at Hyde 
Park on the Hudson, where he says, to quote 
from his diary, 


I observe in the library several books of travels pre- 
sented to the Doctor by Sir Joseph Banks, and many 
others by their respective authors, including names 
of great celebrity in England, among the rest “Ros- 
coe” of Liverpool—whose “Discourses” are in the 
collection presented by himself.*® 


We should especially like to learn the sources 
of the plants grown at the Elgin Botanic Garden. 
Hosack’s Catalogue of Plants contained in the 
Botanic Garden at Elgin passed through two edi- 
tions before Pursh went to the Garden, but none 
appeared thereafter, and the sources of the plant- 
ings are not indicated by Hosack. Hosack was in 
correspondence with many botanists both before 
and during Pursh’s residence at the Garden. 
One of these was Dr. Alexander Anderson, sur- 
geon with British troops during the American 
Revolution, hospital surgeon and superintendent 
of the botanic garden on St. Vincent, in the West 
Indies, who travelled on both Martinique and 
Barbados. Another was Alire Raffenau-Delile, 
1778-1850, best known for his elaborate works on 
the flora of Egypt, professor of botany and of the 
faculty of medicine at Montpellier, and director of 
the botanic garden in that city, who came to 
America and stayed three years, botanizing in 
North Carolina, Delaware, and about Philadel- 
phia.*® Delile’s visit seems to have escaped most 
of the botanical historians except Barnhart *” 
and he does not expand on the extent of his col- 
lections in America. In 1806, while studying 
medicine at Columbia College, Delile publicized 
an account of the Elgin Botanic Garden and A. P. 
deCandolle occasionally cites plant collections in 
his Systema which may have been communicated 
by Delile. One may surmise that there was a 
lively exchange of horticultural materials between 
Delitie and Hosack during Pursh’s years at the 
Elgin Garden. I believe that some of William 

‘S Diary of T. K. Wharton, p. 157. 


Mss. Division, N. Y. Public Library. 
46 Cf. Lasegue, 1845: 202. The Delile Herbarium of 


July 28, 1832, in 


about 30,000 species at Univ. of Montpellier may con- 
tain notable Hosack communications as well as his col- 
lections from the Middle Atlantic States. 

‘7 Barnhart, 1921: 292. 





PURSH AND HIS BOTANICAL ASSOCIATES 


613 


Bartram’s discoveries reached Europe through 
Delile.*® 

Pursh visited Dr. Hosack on October 3, 1807, 
on his return from Rutland, Vermont, and of 
course may have met him even previous to that 
date, but we may only judge that the relations be- 
tween Hosack and Pursh were of the happiest, 
for when Hosack discusses his proposed publica- 
tion of an “American Botany, or a Flora of the 
United States” he remarks that in Pursh “TI shall 
have a very industrious and skillful botanist to 
collect from different parts of the Union such 
plants as have not yet been assembled at the Bo- 
tanic Garden.” *® When after Pursh had left the 
Garden Dr. Hosack praised him in the following 
testimonial : 


It would be injustice to my late gardener, Mr. 
Frederick Pursh, who with a knowledge of the sci- 
ence of botany unites a very extensive and accurate 
acquaintance with the plants of this country, not to 
notice the very numerous contributions he has made 
to the collection, of the native plants of the United 
States, during the period he had charge of [the 
Botanic Garden. ] °° 


Again in 1811 when Dr. Hosack published a 
sworn valuation of the Elgin Botanic Garden as 
totalling $12,635.7414, he included the names of 
John Hastings, nurseryman, of Brooklyn, and 
Frederick Pursh, “botanist,” and John Brown, 
another nurseryman as assessors. ‘This valua- 
tion, dated January 24, 1810, did not contain any 
mention of an herbarium though here and there 
through the report Hosack referred to an “ex- 
tensive botanical library and herbarium.” We 
know that Hosack’s books came to New York 
City’s Bellevue Hospital, which Hosack was in 
large part responsible for founding in 1820, and 
that subsequently about two hundred and five 
titles came to the New York Botanical Garden. 
But the fate of the plant collections is unknown. 
That there likely were collections is suggested by 
Hosack’s letter to Thomas Jefferson, from New 
York, August 1, 1816, when he wrote: 


It.is my intention immediately to begin the Flora 
of our country particularly of those plants that have 
not yet been figured or described—lI propose to do it 





48 Delphinium elegans DC. was described from a 
garden-grown plant raised from seeds collected either 
by Delile or by Bartram. This contact has not been 
investigated (cf. Ewan in Univ. Colo. Studies, ser. D, 
2: 210, 1945). 

49 Hosack, D., Hortus Elginensis, ed. 2, x, 1811. 
50 [bid., ix. 
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in a c[omparable] manner of the English Botany ™ 
—I only wait for the corporation of our city to give 
me the facilities I ask, to begin this much wanted 
work—Mr. Elliott of S°® Carolina—Mr. LeConte 
of Georgia, my nephew Dr. Eddy, will give me great 
aid.52 


During Pursh’s stay at the Hosack garden 
Henry Muhlenberg received packets of plants 
from Pursh, for he wrote his friend Elliott on 
November 8, 1809, that he had received a “packet 
of Jersey plants by Mr. Pursh,” ** and proceeded 
to list such characteristic pine barren species taken 
at Quaker Bridge as Polypremum procumbens, 
“Heretiera’ (Lachnanthes), and others. 

A great deal of research has been directed by 
others to the circumstances surrounding the sale 
of the Elgin Botanic Garden to the State of New 
York and ultimately of its acquisition by Columbia 
University but a comprehensive biography of 
Hosack, befitting the “Sir Joseph Banks of 
America,” is still to be written. 


JOURNEY TO THE WEST INDIES 


According to his own account Pursh made the 
trip to the West Indies in the winter of 1810— 
1811 for his impaired health. He visited five 
islands, namely, Barbados, Martinique, Guade- 
loupe, Dominica, and St. Bartholomews, but the 


dates and sequence of landfalls are lacking. There 
does exist, however, a 24-page handwritten cata- 
logue in the Gray Herbarium entitled merely 
“A list of plants observed at or in the vicinity of 


Permansio in the Island of Dominica.” 
logue is arranged in 
headed: “Botanical 
vincial names,” 


The cata- 
three tabular columns, 
Names,” “English or pro- 
and “Places of growth.” Eight- 
een different localities appear in the catalogue, 
mostly names no longer currently used on the 
island. Mr. P. K. Agar, a resident of Roseau, 
has supplied me with information relative to these 
localities but unfortunately perhaps the most ar- 
resting name, “Permansio,” cannot be identified. 
Permansio and some of the other names such as 


“Dr. Roques” may have been plantations since 

51 English Botany ... the remarks by James Edward 
Smith and James Sowerby. The [2592] figures by 
James Sowerby. 36 v. London, 1790-1814. Sir J. E. 
Smith provided a pithy commentary on this work in his 
English Flora, ed. 2, 1: xix—xx, 1828. 

52D. Hosack, New York, to T. Jefferson, Aug. 1, 
1816, partly in answer to Jefferson’s letter of July 13, 
1816, the last quoted by Betts, 1944: 559. 

°8 H. Muhlenberg, Lancaster, Nov. 8, 1809, to S. Elli- 
ott, in Arnold Arboretum Library. 
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over fifty sugar plantations existed on Dominica 
at the time of Pursh’s visit. The catalogue con- 
tains many nomina nuda of proposed new species 
but there are no descriptive data. There is a 
memorandum in an unknown hand accompanying 
the manuscript to the effect that “two sheets of 
mounted plants go with this ms.—the specimens 
were scattered through the sheets.” Neither Dr. 
Walter H. Hodge, who has studied the Dominican 
flora and this manuscript catalogue, nor I have 
been successful in tracing these sheets in the Gray 
Herbarium. Certain sheets of undoubted West 
Indian origins labelled in Pursh’s hand simply to 
genus, for example, “Urtica,” without any other 
data, may represent Dominican collections. When 
the catalogue is examined five unidentified “Urti- 
cas” appear in the list. One of these “Urtica” 
sheets may be identified as either Pilea puncti- 
caulis Wedd., or perhaps more likely Pilea parie- 
taria (L) Blume; Pursh’s specimen matches 
Eggers’ no. 841, of 1881, collected on Dominica 
(U. S. Nat. Herb.). None of these specimens 
from the West Indies bear on Pursh’s Flora, 
however, so they are primarily of historical in- 
terest as early collections from the island. In- 
deed, these few West Indian collections may rep- 
resent plants taken on one of the other islands 
visited, though this is perhaps not so probable. 
It is quite possible that Pursh visited Baron de 
Schack, correspondent of Dr. Hosack, when he 
stopped at Martinique, and Dr. Alexander Ander- 
son, mentioned earlier in this account, another cor- 
respondent of Hosack’s, on either Barbados or 
Martinique, but we lack confirmation of these 
suggestions. The naturalist Johan Eric Fors- 
strém, 1775-1824, lived on St. Bartholomews be- 
tween 1803 and 1815 and, again, it is probable 
that Pursh sought out Forsstr6ém as a kindred 
spirit if when he visited the island he found Fors- 
strom there.** 

Pursh returned to the United States in the Fall 
of 1811, arriving at the port of Wiscasset, Maine. 
One may reasonably assume that he took passage 
on a West Indiaman returning with cotton, ba- 
nanas, raisins, oranges, lemons, salt, coffee, and 
the always present sugar, molasses, and rum. 
Wiscasset during this period, having been a port 


54 Cf. Urban, 1898: 48, for notes on Forsstrém. Felix 
Louis !’Herminier, 1779-1833, settled at Basse-Terre, 
Guadeloupe, as an apothecary in 1798, and collected nat- 
ural history specimens extensively during the succeed- 
ing years. Pursh would likely have visited him there 
(cf. Urban, loc. cit., 74). 
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of entry for a decade, was one of the leading ports 
and shipbuilding centers on the whole Atlantic 
Coast and harbored thirty-five square-rigged ves- 
sels aggregating 10,000 tons, the majority of 
them employed in the West Indian trade. These 
vessels took out occasional shipments of horses, 
but most important cargoes were dried fish, pork, 
and beef, potatoes, headings and hoop poles for 
cooperage, lumber and staves. The year of 
Pursh’s return to Wiscasset the marine district 
tonnage increased to 17,672 tons, but fell off 
sharply with the War of 1812.55 Though I made 


55 Cf. Chase, Fannie Scott, Wiscasset in Pownal- 
borough, Wiscasset, Me., [Portland, The Southworth- 
Anthoensen press], 1941, and Rice, George Wharton, 
Shipping days of old Boothbay, Boothbay Harbor, Me. 
[Portland, Southworth-Anthoensen press], 1938. The 
following quotation from a logbook in the Essex Insti- 
tute Library, Salem, illustrates the typical cargoes of the 
West Indiamen. Schooner Hope, Jonathan Skerry, Feb. 
27, 1810—-June 3, 1810, Salem to Port-au-Prince and re- 
turn: 


“April 3—Landed 3 hhds of fish SH 

51 barrels of flour SH 

97 boxes of oile 

18 barrels of potatoes 

20 boxes of fish adventures 

2 casks of chees 
April 4—Landed 50 boxes of herring 

15 boxes of soap SH 

7 boxes of shues 

5 barrels of beef 

15 boxes of soap JS 
April 5—Landed 22 boxes of soap SH 

14 boxes of soap JS 

22 hogsheads of fish 
April 6—Landed 15 hhds of fish 

13 barrells beef 

55 shooks 

20 bundles hoops 
April 7—Landed 3 boxes oile 

13 boxes soap SH 

3 boxes of soap JS 

10 boxes of herring 

32 barrel beef 

13 barrells oile 
barrells flower 
casks oile 
caskes hedding 

26 shooks 
April 9—Landed 56 barrels flour 

34 shooks 

18 bundles hoops 

24 bales dry goods 

3 barrels of shues 

3 hhds hedding 

4 barrels pork 

6 boxes of shues 
April 13—Landed 194 feet lumber 
April 14—Landed 1110 feet lumber 
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some search in the logbooks preserved at the Es- 
sex Institute at Salem to determine whether a 
passenger list including Pursh’s name might exist 
there, I found that very few logs carried such lists 
in those years but I gained a clearer understand- 
ing of Pursh’s having visited three of the less 
important West Indian islands. It was a com- 
mon practice for these ships to pick up small 
sugar cargoes at the various islands, with short 
shore leaves for each island, and it is probable 
that Pursh also had some limited opportunity to 
botanize on these islands other than Dominica. 
Pursh spent some time collecting plants about 
the harbor before proceeding south to New York. 
“Tt is at Wiscasset, therefore,” remarks Asa Gray 
(1882: 325), “that Pursh’s ‘Plantago cucullata 
Lam ... in wet rocky situations, Canada and 
Province of Maine,’ is to be sought.” Possibly 
he took a coaster from Wiscasset to Boston, mak- 
ing stops at Portland, Portsmouth, Salem, and 
Cape Ann as the weather permitted. Upon reach- 
ing Boston he hastened to Cambridge to visit 
Professor William Dandridge Peck. Pursh says 
that he saw “his highly interesting collection of 
plants collected on a tour to the alpine regions of 
the White Hills of New Hampshire.” As Asa 
Gray noted long ago (1882: 325), none of Peck’s 
White Mountains’ plants have survived in the 
Gray Herbarium. It is known that Professor 
Peck, and a party including Rev. Manasseh 
Cutler, and Dr. Nathaniel Bowditch, made an 
ascent of the White Mountains in 1804, reaching 
the summit on July 28. This was evidently Peck’s 
first trip to the alpine summit of the White Moun- 
tains but the Reverend Cutler had previously 
visited the heights in 1784, when he was in fact 
the first person to record botanical observations 
of any sort upon alpine vegetation on the North 
American continent. That these White Moun- 
tains’ collections were in existence as late as June 
12, 1812, is attested by Henry Muhlenberg’s let- 
ter to Stephan Elliott, when he wrote, “at last 
an answer from Professor Peck in Massachusetts, 
he sent plants from the White Mountains in New 
Hampshire,” naming at the same place five 
genera, viz., “Empetrum nigrum, Diaspensia lap- 
April 16—Took on bord 11 thousand weight of log- 
whodd 
April 23—Packed 34 casks of coffee 
April 27—Took 11 hogsheads of coffee 
83 whole boxes of sugar 
4016 boxes of sugar 
May 5—Delivered 72 bunches of worming” 
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ponica, Andromeda, .. . a procumbent Salix, and 
Azalea lapponica.” We may locate these speci- 
mens in the Muhlenberg collection belonging to 
the American Philosophical Society (cf. Pennell, 
1950: 138). One of the first pursuits in my study 
of the Pursh material purchased abroad by Pro- 
fessor Edward Tuckerman was to verify “those 
plants of Pursh which he (as it appears) er- 
roneously credited to the mount™ of N. E.” ** 
Such records of Pursh as Alchemilla alpina, which 
he designated in his Flora with the symbol “‘v.s.”’ 
meaning “seen in herbarium,” here that of Pro- 
fessor Peck, led Asa Gray and his contemporaries 
into extended correspondence. Gray concluded, 
in one instance that such records were based on 
“memory only, probably mistakenly” (1882: 325) 
in the absence of existing Peck collections. 


PURSH AND A. B. LAMBERT 


Pursh evidently left New York immediately 
upon his arrival there from Boston, for sometime 
during the winter of 1811-1812 he arrived in 
England with his plant collections, drawings, and 
notes and began their organization toward the 
publication of a flora of North America. It is 
likely that these possessions remained in Dr. 
Hosack’s care while Pursh was on his West 
Indian voyage. Possibly Lambert letters abroad 


may establish the nature of this subsequent patron- 
age of Pursh by the wealthy cabinet-naturalist, 


Aylmer Bourke Lambert, 1761-1842.57 Edu- 

66 Letter from E. Tuckerman, Schenectady, Feb. 1, 
1843, to Asa Gray, in Historic Letter File, Gray Her- 
barium. Detailed biographical information on Prof. 
Peck is scant in any form. Peck’s “manuscripts were 
submitted for examination to the two Doctors [Thad- 
deus William and Thaddeus Mason] Harris who re- 
ported adversely to their publications, finding them ap- 
parently correct and faithful, but a little behind the 
times” (T. W. Higginson in Occ. Papers Boston Soc. 
Nat. Hist. 1: xiii-xiv, 1869). For other accounts of 
Peck see A. S. Pease in Appalachia 14: 160, 1917; 
William P., and Julia P. Cutler, Life, Journals and cor- 
respondence of Manasseh Cutler, 1: 111-112, 1888; Ed- 
ward Tuckerman in Thomas Starr King, The White 
Hills; their legends, landscape, and poetry, 42, 1860; 
anon., Mass. Hist. Soc. Coll. ser. 2, 10: 161-170, 1843, 
the notes by Dudley A. Tyng, “a graduate at Cambridge 
in the class before Mr. Peck. The notice and notes 
show very clearly why so little was printed about Mr. 
Peck” (letter of Charles C. Smith, Boston, March 10, 
1911, to B. L. Robinson, in Historic Letters File, Gray 
Herbarium). 

5? Biographical accounts of Lambert are listed in 
Britten and Boulger, A Biographical index of deceased 
British and Irish botanists, ed. 2, 179, London, Taylor 
and Francis, 1931. To this list may be added: (a) 
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cated at Hackney and Oxford, Lambert was a 
founding member of the Linnaean Society in 1788 
and served as its Vice-President, often presiding 
at its meetings, from 1796 until his death. He 
was a constant contributor on zoological as well 
as botanical subjects to the Linnaean Society’s 
Transactions. The garden that he developed at 
Boyton °* was important for there he grew from 
seed some of the American novelties, among 
others those of John Bradbury secured through 
William Roscoe. The North American plant col- 
lections in Lambert’s herbarium were secondary, 
however, to those of Ruiz and Pavon from Peru, 
acquired by the British Museum at the famous 
auction of Lambert’s effects in 1842. At this 
same auction the young professor and lichenolo- 
gist, Edward Tuckerman, purchased the Pursh 
North American collections and brought them 
back to America (cf. Appendix post). We learn 
something of Lambert’s personality from the Lon- 
don letters of twenty-eight-year-old Asa Gray. 
On January 17, 1839, Gray wrote: 


Hooker took me to the house of Lambert himself, 
the queerest old mortal I ever set eyes on .. . he 
showed us his cacti stuffed with plaster of paris, 
among others a very curious one called muff cactus. 

. Lambert’s specimens are the only ones known, 
and he gave for them something like a hundred 
guineas—the old goose! 5” 


Pursh says in the preface to his Flora that he 
inspected abroad the herbaria of Clayton, Pallas, 
Plukenet, Catesby, Morison, Walter, Sherard, 


Jackson, B. Daydon, George Bentham, N. Y., Dutton, 
1906, which contains, passim, comments on Lambert; 
(b) Renkema, H. W., and John Ardagh, A. B. Lambert 
and his “Description of the genus Pinus,” Jour. Linn. Soc. 
London 48: 439-466, 1930, contains remarks on his pub- 
lications in particular. Two Lambert letters examined 
authenticate his handwriting: (a) Lambert, Boyton 
House, Sept. 27, 1819, to Dr. [John] Sims, written on 
watermarked paper dated 1816 comparable to that used 
by Lambert to mount the American collections now at 
the Acadamy, in the Dreer Autograph Coll. 2, “Scien- 
tists,” at Penna. Hist. Soc. (b) Lambert [postmarked 
London], April 8, 1837, to P[hilip] B[arker] Webb, in 
Jane Loring Gray Autograph Album, 3: 100, at Gray 
Herbarium. 

58 David Don, 1799-1841, “a stout Scotchman,” served 
as librarian and curator to Lambert, from 1822 librarian 
of the Linnaean Society, and professor of botany at 
King’s College, 1836-1841. Don gave particular atten- 
tion to the Ericaceae, and many sheets of this and other 
families in the Academy series carry his annotations in 
his characteristic fine thin hand. 

59 Gray, Jane Loring, Letters of Asa Gray, Boston, 
Houghton Mifflin, 1: 111, 1893. 
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and Sir Joseph Banks the latter containing some 
of Kalm’s plants from Canada and Menzies’ 
plants from the Pacific Northwest.® On a later 
occasion Asa Gray tartly remarked, “evidently 
such consultation and the whole study must have 
been rapid. The despatch is wonderful.” Gray 
continues, “one can hardly understand the ground 
of the statement made by Lambert, to my former 
colleague, Dr. Torrey, that he was obliged to shut 
Pursh up in the house in order to keep him at 
his work.” Dr. Gray was somewhat more spe- 
cific in another place when he said, “a tradition 
has come down to us—and it is partly confirmed 
by a statement which Lambert used to make, in 
reference to the vast quantity of beer he had to 
furnish during the preparation of the Flora.” 
William Baldwin’s remark that Lambert was “the 
real editor of Pursh’s work” ® is nowhere am- 


plified. 

While the Flora was going through the press 
Pursh made occasional visits to Kew, for we find 
several new species noticed in the Botanical Maga- 
zine ahead of their appearance in his Flora which 
evidently was published in January of 1814.% 
In America meanwhile there was a strong feel- 
ing against the publication of our productions and 
novelties in England; indeed, the War of 1812 


60 The Pacific Northwest collections of Archibald 
Menzies, 1754-1842, antedated the Lewis and Clark se- 
ries from that region but Pursh only partially considered 
the Menzies’ collections and thereby left many novelties 
for later botanists to describe. The first set of Menzies 
plants, which Pursh examined, and which was then in 
the Banks’ herbarium, is now in the British Museum. 
One of the few duplicates of Menzies material distributed 
is the isotype of Mitella grandiflora Pursh (i.., Tel- 
lima) at the Academy from this Lambert series. A 
biographical sketch of Menzies, not mentioned by Britten 
and Boulger, op. cit., is Jepson, W. L., Archibald Men- 
zies, Madrofia 1: 262-266, 1929. 

61 Cf. Gray, 1882: 141-143. 

62 Darlington, Wm., Reliquiae Baldwinianae, 196, 
Phila., Kimber and Sharpless, 1843. Lambert sent Dr. 
Baldwin Pursh’s Flora and his own works (loc. cit. 
235 and 239) in exchange for specimens from Georgia. 
Baldwin’s letter from Savannah, Nov. 16, 1816, to John 
LeConte, in the Misc. Historic Correspondence, Acad. 
Nat. Sci., suggests the source of the various fragments 
of Baldwin’s plant descriptions to be found in ms. col- 
lections. The letter reads in part: “I am just putting up 
an extensive packet for Mr. Lambert, London,... 
from which I lately received a very polite letter, offer- 
ing to propose me as a member &c &c &c. I shall take 
care at first to send him no doubtful plants, and my own 
with descriptions.” 

83 Barnhart, 1904, provides instances of this prepubli- 
cation in the Botanical Magazine. 
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did not better the situation. Henry Muhlenberg 
wrote in a letter of October 5, 1812, that “Mr. 
Pursh is printing at London a Prodromus flor. 
Americanae. John Bull is fat and pays well, they 
intend to make the best of their collections. Let 
it then be so. I find it extremely difficult to get 
even a small Catalogue printed,” * referring here 
to the printing of his own Catalogue of North 
American Plants, a check list with many nomina 
nuda, actually published in 1813, before Pursh’s 
Flora appeared in England.® Jacob Green, later 
professor of philosophy at the College of New 
Jersey, chemist, and naturalist, insisted in 1814: 


while Americans have neglected the botanical exami- 
nation of this country, foreigners have immortalized 
themselves by doing it. From England we have had 
Raleigh and Catesby, Frasier,®* Squibb,®* Lewis and 
Walter; from Sweden, Professor Kalm ... ; from 
Germany, Fursling ®* and Pursh; France has sent us 
Michaux and Volney, and Prussia, Baron Humboldt 
and King . . . among them all there is not one of our 


64 H. Muhlenberg, Lancaster, Oct. 5, 1812, to S. Elli- 
ott, in Arnold Arboretum Library. 

65It is interesting that the titles of Muhlenberg’s 
Catalogue (1813) and Pursh’s Flora (1814) had been 
priorly used for the caption of a “trifling Catalogue” by 
Johann Reinhold Forster, his Flora americae septentrio- 
nalis or a Catalogue of the plants of North America, etc., 
London, 1771. The Catalogue, lacking the eight intro- 
ductory pages of the original, was republished later the 
same year as part of Forster’s English translation of 
Bossu’s Travels through . . . Lowisiana, 2: 17-67, 1771. 

66 Certainly John Fraser, 1750-1811, hosier, nursery- 
man, who arrived in Charleston, Sept. 20, 1786, publisher 
of Thomas Walter’s Flora Caroliniana (1788), was in- 
tended. His name was often misspelled. Jefferson 
wrote of him in 1808 as “a Mr. Frazer, a gardener near 
London, whom I knew in Paris, & afterwards here [at 
Monticello]” (Betts, 1944: 376). Muhlenberg likewise 
used the form “Frazer.” 

67 Robert Squibb, nurseryman, seedsman, author of 
Gardener's Kalendar for South Carolina, Georgia and 
North Carolina (1787), “the second book on gardening 
printed on this side of the Atlantic” (Hedrick, 1950: 
471) is discussed by Stetson, 1946: 357-359. 

68 “Fursling” has not been identified; a certain Furs- 
man, proprietor of the Museum, Albany, N. Y., appears 
in a letter from Jonathan Harrington, Boston, June 9, 
1842, in Dreer Autograph Coll. 2, “Scientists,” in Penna. 
Hist. Soc., and there is another undated letter addressed 
“Mr. Fursman, American Museum” in the same collec- 
tion. On the other hand, it may be an error, since er- 
rors appear in Jacob Green’s accounts, for an intended 
Ebenezer S. Burling, whose name appears in the List of 
Officers and Members of the Society for the Promotion 
of Agriculture, Arts and Manufactures of State of New 
York (cf. Trans. 1 (3): iv, 1798). 
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countrymen—no one who has received our patronage 
or encouragement. 


Samuel L. Mitchell joined in the protest.’° 

Copies of Pursh’s Flora were slow in reaching 
America; Muhlenberg wrote to Elliott fifteen 
months after its appearance “without doubt we 
shall see it in the bookstores here.” ™ Not a sin- 
gle review of the Flora has come to my notice in 
the French scientific journals of the period. Nor 
can I determine that contemporary reviews of 
the work were published in Germany before Oc- 
tober, 1817.7* Colored and uncolored copies of 
Pursh’s work were issued, a common practice of 
the time. For example, Lambert issued twenty- 
five copies of his work on the Genus Pinus at 
forty guineas apiece, the uncolored copies selling 
at ten guineas. The uncolored copies of Pursh’s 
Flora, in boards, sold for thirty-six shillings; 
copies with colored plates, £1/16/-. Lambert 
had employed the British artist William Hooker 
for his work on the pines, and Pursh indicates 
that of the twenty-four plates seven were “drawn 
and engraved by W. Hooker.” ™ 


69 Green, Jacob, On the botany of the United States, 
Trans. Soc. for Promotion of Useful Arts 3: 90, 1814. 

70“Mr. Pursh, who has for several years cultivated 
botany in New York, is now engaged in diffusing the 
fruits of his discoveries, in London, to the Europeans” 
(New York Hist. Soc. Colls. 2: 208, 1814). Hooker 
looked at the situation differently (1825: 118) when he 
wrote: “Fortunately for the cause of Science, there ex- 
isted at the time of which we are speaking, so many 
obstacles to the publication of scientific works in Amer- 
ica, that Mr. Pursh was led to visit England, where the 
reception he met with from Sir Joseph Banks, and A. B. 
Lambert, Esq., made him resolve upon printing his book 
in this country. The access which was granted him to 
the Libraries and collections of these two eminent men, 
were alone a source of much advantage to him.” 


71H. Muhlenberg, Lancaster, April 10, 1815, to S. ° 


Elliott, in Arnold Arboretum Library. The Rancho 
Santa Ana Botanic Garden Library copy of Pursh’s 
Flora is inscribed “John Ford Junfior?], March 1815” 
and William Darlington’s copy is dated “November 
1816,” so copies were evidently distributed slowly. 

72 An extended analytical review was published in 
Halle in three installments (Allgem. Lit.-Zeit. 3: 330- 
336, 569-575, and 577-580, Oct. 1817), making compari- 
sons with Michaux’s Flora and Muhlenberg’s Catalogus. 
Pursh’s Russian birth is referred to [!] at this early 
date. 

8 It is singular that there was another engraver by 
the name of William Hooker living in Philadelphia as 
early as 1805. He was one of the organizers of the 
Philadelphia Society of Artists in 1810, removed to New 
York in 1816, and died in 1846. “He seems to have been 
chiefly employed in map engraving” Fielding, Mantle, 
Dict. Amer. Painters, Sculptors and Engravers, 174, 
n.d. [ca. 1926]. 
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There were some admiring friends of Lambert 
in America, and one of these was William Dar- 
lington of West Chester, Pennsylvania, who took 
particular delight in his botanical contacts at home 
and abroad. He was a scholarly physician and 
keen local botanist to whom we are indebted for 
the preservation of much historical material on 
colonial botany in America. Darlington wrote 
to Lambert from West Chester, April 9, 1827, as 
follows: 


Permit me to ask your acceptance of an humble 
Essay towards a Catalogue of the Phanerogamous 
Plants growing in the vicinity of my residence. I 
offer it as a small testimonial of my respect for your 
character, as a distinguished promotor and cultivator 
of Botanical Science,—and especially as the liberal 
Patron and Encourager of the late** Mr. Pursh, in 
publication of his excellent North American Flora. 
The light which has been thrown upon the Plants 
of this country by that valuable work, and the spirit 
of botanical research which it has excited amongst 
us, will forever entitle the Author to our grateful 
remembrance,—whilst the “strenuous effort” and 
“wenerous exertions” of his Patron, in aid of the 
Publication, will equally secure the 
esteem of every American Botanist." 


respect and 

Darlington addressed three subsequent letters to 
Lambert inviting him to feel free to request “such 
of our Plants as may be desirable for your Her- 
barium, and perhaps enable me more fully to meet 
your wishes.” Under date of December 15, 1827, 
he says, “in the package which accompanies this, 
I have enclosed some seeds and specimens of the 
Talinum teretifolium;** and have added a few 
other specimens of our plants which I supposed 
might be acceptable; though I have little doubt 
you are already in possession of most of them,” ‘7 


74 Pursh’s death was given as Sept. 22, 
neaud (1826) 
Darlington here. 

75 W. Darlington, West Chester, April 9, 1827, to A. 
B. Lambert, as a transcript, in Darlington Correspond- 
ence, 1, West Chester State College Library. 


1825 by Ber- 
and doubtless this erroneous date misled 


76 Humphrey Marshall is said to have first detected 
Talinum teretifolium on the serpentine barrens near 
West Chester where, indeed, Pursh may have collected 
the plant and where surely Darlington took the seeds 
and specimens sent to Lambert. Judging from the let- 
ters in the Darlington Correspondence Talinum was a 
special prize of the West Chester region. 

77 Lambert’s replies to these letters of Darlington, 
not in vol. 1 of his Correspondence at West Chester 
State College Library, wanting from letters in possession 
of the New York Historical Society, which I have subse- 
quently had an opportunity to examine. 
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PURSH AND ELI IVES 


It must have been the reputation of Pursh’s 
service with Hamilton and Hosack, together with 
the prestige of the recently published Flora, that 
won for him the candidacy of an appointment to 
the newly founded botanical garden at Yale. Pro- 
fessor Eli Ives and his associates, William Tully 
and M. C. Leavenworth, report the circumstances 
in their account of the growth of botany on the 


campus in the Annals of Yale College, 1831, as 
follows : 


Yale College has no garden or Conservatory. On 
the first organization of the Medical Department, it 
was intended speedily to have both, and Mr. Fred- 
erick Pursh, the well known author of the Flora 
Americae Septentrionalis, was engaged to take charge 
of the proposed establishment, as Curator. This ar- 
rangement was, however, never carried into effect, 
on account of the subsequent and more important 
engagement of Mr. Pursh, with Lord Selkirk, for 


the purpose of exploring the northwestern parts of 
America.*§ 


I have been unable to locate any letters of Pro- 
fessor Ives of the period when the appointment 
was under consideration, and the later Yale Natu- 
ral History Records of 1834-1857, which might 
be thought to contain recollections on this in- 
teresting association, are silent here. One may 
only speculate on the interesting turn of events 
that might have ensued had Pursh gone to Yale 
in 1814, and established a botanical center there! 


PURSH AND LORD SELKIRK 


3erthold Seemann’s remark of 1857 that “so 
little is generally known of Pursh after he had 
completed his Flora” struck a challenge for me. 
In large part the records seem to have been lost 
but certain associations are of interest. While 
still in London, Pursh participated in the publi- 
cation of two horticultural titles, viz., the eighth 
edition of James Donn’s Hortus Cantabrigensis 
and Hortus Orloviensis, published over Pursh’s 
name alone. Donn’s catalogue of the Cambridge 
Botanic Garden’s plantings carried no preface by 
Pursh nor any internal evidence of the insertion 
into the work of the many North American spe- 
cies first described in his Flora of the previous 


78 P. 263; account repeated in Kingsley, Wm. L., Yale 
College. A Sketch of Its History 2: 70, 1879. The 
ms. upon which this printed account was based has not 
been located. A search in the Benjamin Silliman Papers 
at Yale for references to this plan for a botanic garden 
proved unrewarding. 
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year; in fact, its content varies but inconse- 
quentially over the last previous edition and the 
appearance of Pursh’s name on the title page 
would amount almost to a sinecure. Hortus 
Orloviensis, or, as the subtitle runs, “a Catalogue 
of plants cultivated in the island of Orloff near 
St. Petersburgh, by Peter Buck, gardener to his 


HORTUS ORLOVIENSIS; 


OR, 


A CATALOGUE 


or 


PLANTS 


CULTIVATED IN THE ISLAND OF ORLOFF, 


NEAR ST. PETERSBURGH, 


By PETER BUCK, 


GARDENER TO HIS EXCELLENCY COUNT ORLOFF. 





ARRANGED BY 


FREDERICK PURSH. 





LONDON: 


Printeo sy RICHARD anv ARTHUR TAYLOR, 
SHOE LANE, FLEET STREET. 


1815. 


Fic. 3. Title-page of the rare Hortus Orloviensis. 
Courtesy of Arnold Arboretum. 


excellency Count Orloff, Arranged by Frederick 
Pursh” (fig. 3), again bears no proof of American 
plants having reached Russian gardens. Both 
plants and seeds of American origins had reached 
French, German, and British horticulturists by 
1815. Peter the Great began in the early eight- 
eenth century making a fine garden at the Ad- 
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miralty Island in addition to the Apothecaries 
Garden, and somewhat later Peterhof, opposite 
St. Petersburg, became “famous for a large num- 
ber of importations from abroad.” In addition 
many other gardens were being developed by 
Russian nobility, and Count Orloff’s, judging 
from this catalogue published by Pursh, was ex- 
tensive (cf. Asmous, 1947, who does not, how- 
ever, mention Orloff’s garden). Pursh’s cata- 
logue of this Russian garden was published “to 
facilitate a correspondence and connection with 
other similar establishments.” 

According to the obituary notice of Pursh pub- 
lished in 1827 by his brother, Carl, Frederick 
Pursh wrote to Hausmarschall Freiherr von 
Rakniz at Dresden to learn whether there might 
not exist an opening in the Royal Botanic gardens 
there or elsewhere in Germany at the completion 
of his work with Lambert.’® Appropriate steps 
were taken to win the attention of His Majesty 
in the matter, but though the royal approval was 
won, Frederick Pursh had by that time set off 
for Canada. 

A search of the Lord Selkirk papers to deter- 
mine events in the plan to survey the Red River 
Valley for colonization and agriculture and those 
events that might bear on the natural history 
exploration of the region has yielded only the con- 
tract from Lord Selkirk to Pursh, dated Mont- 
real, June 3, 1816, reading: 


Mr. Pursh engages to go with Lord Selkirk from 
this place to the Settlement in Red River in Rupert’s 
Land, for the purpose of examining the Natural Pro- 
ductions of that Country, as well as on the route. 
He further engages to hold, at Lord Selkirk’s dis- 
posal, the specimens in all the branches of Natural 
History which he may collect, during the journey, 
and not make any publication, relative to the parts he 
may visit on this journey, without Lord Selkirk’s 
assent. 

Mr. Pursh enters into this engagement, on the 
promise of Lord Selkirk, that he will cause thirty 
dollars per month to be paid to Mrs. Pursh on her 
demand at the office of Messrs. Maitland, Garden & 
Auldje,*° and to defray all Mr. Pursh’s expences 
during the time he be occupied in this journey.®* 

79 Cf. Reichenbach, 1827: 491. 

80 Agents of the Hudson’s Bay Co. in Montreal. No 
records exist in America of this transaction but the 
original files of the Company in England may contain 
them. F. B. Walker, of the Winnipeg office of the Com- 
pany, writes me under date of July 24, 1951, that “there 
are several cases of official appointments and letters of 
recommendation being issued which were in fact never 
taken up.” Pursh married a barmaid shortly before he 
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Thomas Douglas, Fifth Earl of Selkirk, 1771- 
1820, established colonies for evicted “crofters”’ 
of the Highlands of Scotland in America, follow- 
ing the economic revolution in the Highlands, 
first in Prince Edward Island in 1803, followed 
by a second at Baldoon, near Lake St. Clair, in 
Upper Canada. His most ambitious project was 
the Red River Valley colony of present Manitoba. 
Here he came into financial control of the Hud- 
son’s Bay Company, and obtained from the Com- 
pany a cession of forty-five million acres in the 
Red River Valley in 1811. The factors in the 
ultimate defeat of the colony were many, includ- 
ing the competition offered by the North West 
Company, a rival fur-trading organization then 
operating in central Canada, and the difficult liv- 
ing conditions presented by a harsh frontier en- 
vironment. Lord Selkirk’s biographer has said, 
“in these proceedings Selkirk was actuated by the 
purest and most altruistic motives; but he failed 
to take into account the certain hostility of the 
North West Company to his plans for the coloni- 
zation of the Red River Valley.” ** Jealousies 
flared up between leaders, “some of my men, in 
clouds of Drunkenness, have left their sacs, packs, 
&c at La Chine,” and the bitter winter weather 
added to primarily political troubles. Selkirk 
was interested in surveying the natural produc- 
tions of the region. His appointment of Pursh 
was followed by a serious blow only sixteen days 
later with the murder of Robert Semple, leader 
of the survey, on June 19, 1816. Robert Semple, 
widely travelled, the author of a Sketch of the 
Present State of Caracas, is described as having 
a “taste for literature and science.” ®* It is easy 
to believe that Semple and Pursh would have had 
common interests, and it is unfortunate for botani- 
cal science that Selkirk’s venture met early disas- 


left London (teste Dickson, in letter John W. Francis, 
Feb. 15, 1816, to D. Hosack, Francis Papers, N. Y. Pub. 
Library). The only published reference to Mrs. Pursh 
appears in his brother’s account (cf. Reichenbach, 1827: 
491) where he remarks that the German legation in Lon- 
don wrote him of Frederick’s death, the news communi- 
cated by his widow in Canada. Incidentally, the state- 
ment made there of Pursh’s death occurring at sea on a 
second journey from America to London has been aban- 
doned in the present account in favor of Sheppard's 
report. 

81 Transcript of Selkirk Papers, 7: 2319, in Public 
Archives, Ottawa, the original in Company’s archives, 
Beaver House, Great Trinity Lane, London. 

82 Miller Christy in Dict. Nat. Biog., q.v. sub “Douglas, 
Thomas.” 

88 C. Alexander Harris in Dict. Nat. Biog. 
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ter. A partisan writing for the cause of the North 
West Company said that in 1816 “preparations 
were commenced [by the Hudson’s Bay Com- 
pany] on an extensive scale, for new expeditions, 
by the Grand [i.e., Ottawa] River, and the Lakes, 
to the North-West; men of all descriptions were 
engaged, and a large outfit for the Indian trade, 
got in readiness.” ** From this report we may 
believe that a program of exploration of some 
significance for science was prematurely blighted 
by the collapse of Selkirk’s colonization plan. J. 
Halkett wrote Lord Selkirk on May 24, 1816, 
that he believed the Red River Valley Settlement 
was “completely opposed in Downing Street,” and 
that one important English parliamentarian re- 
marked that “he regretted you [Lord Selkirk] had 
embarked in so wild and unpromising a scheme.” *° 


LATER YEARS IN CANADA 


John Goldie, Scottish plant collector, met Pursh 
in Montreal during the summer of 1817. Goldie 
had left Leith in June and landed at Halifax, 
stayed “some days,” then proceeded to Quebec 
and on to Montreal. There Pursh advised him, 
he tells us, to turn his course towards the north- 
west country the next year. Goldie says that he 
promised “to procure me permission to accom- 
pany the traders leaving Montreal.” ** Goldie 
did not linger in Canada the summer of 1817 but 
moved south to Albany, by water to New York, 
and then made a trip to Quaker Bridge, New 
Jersey, where Pursh had botanized years before. 
The next spring, Goldie returned to Canada, after 
having taught school in the Mohawk River coun- 
try. He reached Montreal hoping to find Pursh 
and an opportunity to join a party of traders 
bound for the Northwest, but Pursh had gone to 
Quebec. Goldie adds that even if Pursh had been 
in Montreal to intercede, “his interest would 
scarce have been sufficiently strong to have ob- 
tained for me the assistance and protection which 
I desired.” Goldie explored about the province, 
“also a little way up the Otowa or Grand River.” 


84 Anon., A Narrative of occurrences in the Indian 
countries of North America, since the connexion of the 
Right Hon. The Earl of Selkirk with the Hudson’s Bay 
Company, and his attempt to establish a colony on the 
Red River, etc., London, 57-58, 1817. 

85 Selkirk Papers, 7: 2299, Public Archives, Ottawa. 

86 Edinburgh Philos. Jour. 6: 319-334, 1822, also issued 
as a repaged reprint, examined at the Gray Herbarium. 
The most detailed biography of Goldie is an unsigned 


introduction to his Diary of a journey .. . 1819, Toronto, 
3-5, 1897. 
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Meanwhile Pursh had gone to Anticosti to collect 
materials for a projected Flora of Canada; this 
we know on the authority of both Goldie and 
William Sheppard. The name of a local violet 
that grows in the Montreal region, Viola selkirkii, 
commemorates Lord Selkirk; Goldie says, “I 
showed this plant to Mr. Pursh at Montreal, and 
he informed me that it was what he called V. 
selkirkii, and hence I have thought it right to 
adopt his name.” 

William Sheppard, 1783-1867, executive coun- 
cillor of Lower Canada, “one of the pioneers of 
Natural History in Lower Canada” though over- 
looked by Penhallow and other writers on the 
history of Canadian botany,*’ is our chief inform- 
ant on Pursh’s later Canadian years.** From 
personal acquaintance Sheppard gives us frag- 
mentary notes on his Anticosti trip, as when he 
lists : 


Iris cuculata[sic|—Pursh, MS. 
Pursh, in his visit to Anticosti in 1818, discovered a 
new species of Iris, which he thus named in a manu- 


script note. I have no specimen nor description 
of it.8® 


Pursh evidently brought back live plants from the 
island, some of which Sheppard grew in his gar- 
den, including “Ligusticum scoticum, Thalictrum 
purpurascens,” the last named by Pursh, and an 
Allium “identified with Allium schoenoprasum.” 
Sheppard adds that the greater portion “perished 
in the packages in which they were brought up.” *° 
Though we lack precise confirmation of the fact 
at present, Pursh’s later Canadian collections, in- 
cluding those from Anticosti, were sent to William 
Jackson Hooker judging from Charles Picker- 
ing’s remark, “Hooker’s promised Flora Cana- 
densis which will contain Pursh’s plants.” * 
However, these plants may be the same as those 


87 Sheppard was the author of three papers on Cana- 
dian plants, viz.: Observations on the plants of Canada 
described by Charlevoix in his History, Trans. Lit. Soc. 
Ouebec 1: 218-230, 1829; Notes on the plants of Lower 
Canada, op. cit., 2: 39-64, 1831; Geographical distribu- 
tion of the Coniferae in Canada, Can. Bot. Soc. Annals 
1: 185-188, 1861-1862. There is a short biography in 
Encycl. Canada 5: 388-389, 1937. 

88 Cf. Can. Nat. and Geol. ns. 1: 53-54, 1864. 

89 Trans. Lit. Soc. Quebec 2: 57, 1831. 

90 Can. Nat. and Geol. ns. 1: 54, 1864. Schmitt, 
Joseph, Monographie de I’Ile d’Anticosti (Golfe Saint- 
Laurent), Paris, 1904, makes no mention of Pursh’s 
visit in the historical introduction. 

%1 Letter of Charles Pickering, Philadelphia, Oct. 5, 
1828, to J. Torrey, in Misc. Historic Letters, Acad. Nat. 
Sci., Phila. 
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we have exact record of being communicated to 
Lambert. Tuckerman acquired Lambert’s per- 
sonal copy of Pursh’s Flora at the auction abroad 
when he purchased the plant collections,®°? and 
this copy is now in the Amherst College Library. 
An inspection of this copy discloses that Pursh 
communicated over twenty “species novae ex 
Canada” to Lambert. For example, at the end of 
the account of Ranunculus Lambert’s librarian, 
David Don, pencilled in the margin of the Flora 
“three species novae ex Canada.” Against Orchis 
two novelties are noted, one of them named for 
William Sheppard! Similarly there are four new 
species of Salix indicated; three of Anemone ; 
two of Turritis; two of Sisymbrium; two of 
Cnicus; after Botrychium: “pinnatifida sp. nov. 
Pursh mss.” and after Sagittaria: “|S] pusilla 
sp. ined. Nob. in Canada legit Pursh.” all in the 
handwriting of either Lambert himself or his 
librarian. 

Contrary to the inference from Pickering’s 
statement of Hooker’s interest in Pursh’s Cana- 
dian collections, W. J. Hooker reported that the 
collections were purchased by Mr. Lambert, and 
on the auction of Lambert’s collections they passed 
to William Pamphlin, then a bookseller on Soho 
Square.** These Canadian plants may now be 
at Kew, perhaps carrying the manuscript names 
recorded in Lambert’s copy of the Flora at Am- 
herst. Goldie was a friend and correspondent of 
Hooker, and, indeed, he may have delivered the 
Pursh collections to Hooker who was then at 
Glasgow. 

During the winter of 1818-1819 Pursh’s Cana- 
dian plant collections still in his possession burned, 
but the details of this misfortune, and whether a 
manuscript was also lost, have not been preserved. 
The last first-hand account of Pursh comes from 
Benjamin Silliman, the Yale professor, geologist, 
founder and editor of the American Journal of 
Science and Arts. Silliman made a “tour” from 
Hartford to Quebec in the fall of 1819, and pub- 
lished a delightful narrative of his trip, first in 
1820, with a second edition in 1824. In both edi- 
tions of his Tour there appears an extended foot- 


*2 Lambert evidently used this copy of the Flora as a 
catalogue of his collections for he entered check marks 
in ink against the species represented in his herbarium. 
Lambert or David Don occasionally added longer notes 
in pencil in the margins. 

*8 Cf. Hooker, 1825: 119, but it is singular that he does 
not mention John Goldie’s association with Pursh, since 
Goldie had been a close correspondent, even a protégé of 
Hooker, during this period. 


JOSEPH EWAN 


[PROC. AMER. PHIL. SOC. 


note telling of Silliman’s meeting with Pursh, and 
though we cannot quote more than a few sen- 
tences here these will be of interest: 


At the town of Sorel, when we were returning to 
Montreal in the steam boat, Mr. Pursh came on 
board, and was with us the remainder of the passage. 
He informed me, that he contemplated another tour 
of Europe, for the purpose of publishing his Flora of 
Canada, upon which he had been already several 
years occupied, and expected to be occupied for sev- 
eral years more. These researches led him much 
among the savage nations of the north west, and 
around the great lakes.*4 


Silliman then characterizes Pursh as an ex- 
plorer, “travelling on foot,’ “experiencing fre- 
quently the hunger, exposure, and perils of savage 
life.” He remarks that Pursh averred the dis- 
covery of many new plants, and “that he intended 
to publish the drawings and descriptions of them 
in his Canadian Flora.” There follows the fateful 
statement of Silliman, “that Mr. Pursh was him- 
self a Tartar, born and educated in Siberia, near 
Toboltski,” with the comment, “he possessed a 
physiognomy and manner different from that of 
Europeans, and highly characteristic of his coun- 
try.” Silliman’s assertion was propagated by 
Asa Gray and, likely under the influence of such 
authority, by subsequent writers on Pursh to 
present times.*® I believe, as did the late John 
Hendley Barnhart,®* that the cause of this state- 
ment by Silliman was that, following Silliman’s 
interrogation of Pursh of his nationality, and 
noticing his rough woodsman’s features, Pursh 


94 Silliman, Benjamin, Remarks made on a short tour 
between Hartford and Quebec in the autumn of 1819, 
New Haven, S. Converse, 1820. Note on Pursh ap- 
pears in pp. 323-325 as a footnote; the account reappears, 
verbatim, in ed. 2, 350-352. The account was reprinted 
in Silliman’s Amer. Jour. Sci. and Arts 9: 269, 1825, 
initialed there “C. H.,” being Charles Hooker, a student 
of Professor Silliman at the time who was interested in 
natural history and assisted the editor with general com- 
position and proof-reading. Hooker added, evidently in 
ignorance of the fate of Pursh’s effects, that “it is to be 
hoped that inquiry has been, or will be, instituted con- 
cerning the papers of this learned man. His Flora of 
Canada, though probably not sufficiently mature for pub- 
lication, would almost undoubtedly afford many valuable 
items.” 

5 Pursh’s own countryman, Maisch, refers to the 
Siberian birth of Pursh (Maisch, J. M., Gotthilf Heinrich 
Ernst Muhlenberg als Botaniker, Dr. Fr. Hoffmann’s 
Pharmaceutische Rundschau, 13, 1886), and C. S. Sargent 
perpetuated the statement (1891: 39). 

% Letter of J. H. Barnhart, New York, June 13, 1932, 
to W. R. Maxon, in Barnhart Correspondence at N. Y. 
Bot. Garden. 
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jocosely replied in effect, “what can you expect of 
a Tartar!” Silliman, rather a sober scientist we 
must admit, faithfully recorded the jest as fact and 
so gave birth to a persistent error, which even 
Pursh’s brother’s published correction failed to 
remove. Silliman says that Pursh’s “conversa- 
tion was full of fire, point, and energy; and, al- 
though not polished, he was good humored, frank, 
and generous.” 

William Sheppard of Montreal wrote after 
Pursh’s death that he had been “thriftless; in his 
declining years living mainly on the hospitality of 
his friends.” ** Likely the loss of his collections 
by fire destroyed his ambition, and his remunera- 
tion, never adequate for savings, gave scant hope 
of retrieving his losses. He died July 11, 1820, 
“at the home of Robert Cleghorn, a nurseryman,” 
at the age of forty-six, destitute, and the burial 
costs were defrayed by his friends.°* He was 
interred in the Horticultural Society Lot at the 
old Papineau cemetery in Montreal, but removed 
in 1856 to Mount Royal Cemetery to a grave con- 
tributed by the cemetery company “in a retired 
and beautiful portion of the cemetery, such as a 
lover of nature like Pursh might have himself 
selected as his last earthly resting place.” In 
1878 the members of the Natural History Society 
of Montreal erected a simple cenotaph over 
Pursh’s grave (fig. 4), and he rests beside Sir 
William Dawson, geologist, educator, and perhaps 
Canada’s best known scientist of the last century. 

The year of Sir Joseph Banks’ death in Eng- 
land and of Pursh’s in America, 1820, marked the 
close of the colonial American period in botany. 


97 Can. Nat. and Geol. n.s. 1: 54, 1864. 

98 Can. Nat. n.s. 9: 184-187, 1881. Pursh was buried in 
Horticultural Society lot no. 170, the first of five interred 
between 1820-1829, according to Register no. 6, p. 62, 
Pappineau [sic] Record, office of Mt. Royal Cemetery, 
Montreal. There existed a Society of Florists at Mont- 
real at least during 1817 according to Joseph Sansom, 
op. cit., 232, but I have not succeeded in discovering 
whether or not Pursh had any affiliation with it. 

99 Can. Nat n.s. 9: 184-187, 1881. Possible Canadian 
associations of Pursh which I have not succeeded in 
establishing include: (a) Christina Ramsay, Countess of 
Dalhousie, who accompanied the Earl of Dalhousie to 
Nova Scotia in 1816, and who took an interest in botany 
both there and later in India. Pursh very possibly may 
have met Countess Dalhousie through William Sheppard. 
(b) Bachelot de la Pylaie botanized during 1819-1820 
in Newfoundland and on the islands of Miquelon and St. 
Pierre. (c) Dr. Martyn Paine, “a worthy botanist just 
at his acme of zeal,” correspondent of Jacob Bigelow of 
Boston, lived in Montreal during Pursh’s residence there 
(Bull. N. Y. Pub. Library, 10, Sept. 1919). 
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Fic. 4. Inscription on monument to Frederick Pursh. 
Mount Royal Cemetery, Montreal. Photographed 
June, 1951. 


This period was distinguished, first, by Banister, 
Clayton, Catesby, Kalm, and John Bartram, to 
mention only the more prominent figures. These 
were followed by Walter, Marshall, Michaux, 
father and son, William Bartram, Muhlenberg, 
Barton, Fraser, and son, Bosc, Palisot de Beau- 
vois, Lewis and Clark, and by lesser figures,’°° 
some of which like Baldwin and Collins were 
more important than generally conceded. To 
close the period by bringing these naturalists’ 
works together in his comprehensive Flora stands 
Frederick Pursh. Beginning their careers dur- 
ing this period but continuing into the later dec- 
ades of the nineteenth century of westward ex- 
pansion and exploration were Elliott, Nuttall, 


100 For these minor figures see Barnhart, J. H., Brief 
sketches of some collectors of specimens in the Barton 
Herbarium, Bartonia 9: 35-42, 1926, and Botanical cor- 
respondents of Schweinitz, ibid. 16: 19-36, 1935, in ad- 
dition to Barnhart’s third paper (1921). 
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Eaton, and Rafinesque, Darlington, and Torrey. 
The colonial period had been marked by two 
sources of bitterness: one of these rather inevita- 
ble, the publication of American discoveries 
abroad. Second was the edge-bone competition 
among explorers and collectors who sought pri- 
orities and so raced to place their finds before 
professional botanists for publication. Behind 
this competition perhaps rested the economic fac- 
tor that patrons were few, and financial support 
uncertain. Oiled by jealousy, this competition 
kept the movements of explorers secret, and 
makes the tracing of their routes particularly dif- 
ficult. The gentle Muhlenberg saw the paralysis 
that came with such competition and his words,’” 
we hope more in keeping with the spirit of sci- 
ence today, may be an appropriate valediction: 
“remember me to all valuable gentlemen who are 
unknown to me... try to open communion and 
correspondence with such. By joining hands, we 
may do something clever for the Science.” 


EVALUATION OF PURSH 
BOTANY 


IN AMERICAN 


Estimates of Pursh’s work during his own life- 
time are not common. John Torrey wrote to his 
mentor of those years, Professor Amos Eaton of 
Albany, that in quoting synonyms Pursh is “full 
of errors. I have detect{ed| more than fifty 
merely in the course of looking up a few plants of 
this neighborhood.” *** Here is Torrey as the 
critical student who chafes at the fallibility of the 
record before he learns how tediously these rec- 
ords are brought together. In another letter to 
Professor Eaton of 1818 Torrey is perhaps the 
most defamatory of Pursh of any botanist of the 
period or since when he says, “Upon the whole I 
am sorry that his work was ever published. He 
had to be sure, great opportunities to consult 
herbarium &c but he is such a notorious liar & 
plagairist that we can put no confidence in his as- 
sertions. His localities are very imperfect & 
many of his synonyms are frequently errone- 
ous.” *°* I cannot find that Torrey ever committed 


101 H. Muhlenberg, Lancaster, Nov. 4, 1811, to Wm. 


Baldwin at Gray Herb. Quoted in Wm. Darlington, 
Reliquiae Baldwinianae, 53, 1843. 

102 J. Torrey, May 15, 1818, to Amos Eaton, ms. no. 
4603 in State Library, Albany, N. Y., Manuscripts 
Division. 

108 J. Torrey, March 21, 1818, to Amos Eaton, Belcher- 
town, Mass., ms. no. 4604 in State Library, Albany. 
Quoted by Smallwood, Wm. M., Amos Eaton, naturalist, 
New York History 18: 177, 1937. 
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this disparagement to print. Rafinesque struck 
a more tempered vein, when in 1828 in the preface 
to his own Medical Flora he said that Pursh’s 
work is “good, but many oversights, classical, till 
a better Flora is given.” The Kentucky botanist, 
Charles Wilkins Short, wrote in 1836 that “what- 
ever may be the minor inaccuracies of this work, 
or the reprehensible mode in which some of its 
materials may have been collected, it must be con- 
fessed that it was, and indeed still continues to be, 
the most complete and extensive Flora ever yet 
published of our country.”** Of the use of 
Pursh’s Flora in the “progressive schools” of 
New Harmony, Indiana, we read in a letter of the 
teacher Marie D. Fretageot [Philadelphia?| De- 
cember 10, 1821, to William Maclure, to the effect 
that “if you have subscribed for two copies I 
would have one because I think it useful for my 
school.” 25 

The Canadian botanist, David Pearce Pen- 
hallow, summarized the position of Pursh in 
American botany when he wrote,’ 


Pursh was the last of that interesting group of 
botanical explorers who, gaining a conception of our 
flora from the specimens transplanted to the gardens 
of the Old World, wishes to extend their knowledge 
by a more intimate and practical examination of such 
a great wealth of vegetation on its own ground, and 
thereby not only laid the foundations for the devel- 
opment of systematic botany on this continent, but 
placed all future botanists under obligations which 
they have been proud to acknowledge. 


APPENDIX 


TUCKERMAN RECORDS OF THE PURSH MATERIALS 
SOLD AT THE LAMBERT AUCTION OF 1842 


Though the acquisition of the Pursh plant col- 
lections and manuscripts by Professor Edward 
Tuckerman at the auction of the Lambert estate 
in England in 1842 is a documented certainty 
there remain unsolved questions as to the present 
location of certain items mentioned in the Tucker- 
men letters and the sales catalogue. This ap- 
pendix presents these problems with their back- 


104 Short, C. W., A sketch of the progress of botany in 
western America, Transylvania Jour. Med. and Assoc. 
Sci. 9: 324-350, 1836. Quotation from p. 334. Reprinted 
in Hooker's Jour. Bot. 3: 108, 1841. 

105 Jn Maclure Correspondence, Workingmen’s In- 
stitute Library, New Harmony, Indiana. 

106 Penhallow, 1897: 6. Penhallow missed both Silli- 
man’s biographical footnote and Sheppard’s recollections, 
and, accordingly, dismissed Pursh’s Canadian collections 
with brief remarks. 
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ground data. Edward Tuckerman, lichenologist, 
son of a Boston merchant, graduate in both law 
and divinity at Harvard, was twenty-five when 
he went abroad in 1842 to examine herbaria and 
meet botanists interested especially in cryptogams 
and sedges. There is preserved an intimate 
portrait of young Tuckerman among the Walter 
Deane manuscripts at the Gray Herbarium. It 
takes the form of a letter from William Oakes, of 
Ipswich, Massachusetts, February 17, 1842, to 
James Watson Robbins of Uxbridge, Massachu- 
setts, a pioneer student of Potamogeton, a genus 


of aquatic plants that had already engaged Tucker- 
man’s attention: ° 


It is curious that I did not tell you about Tucker- 
man when I was at Uxbridge. His father is one of 
the richest men in Boston, worth perhaps 2 millions. 
T[uckerman] is a real botanical fanatic. He is a 
very good classical scholar, & fond of everything re- 
lating to botany. He has been three times or more 
to the White Mts. but has found comparatively few 
of our plants, no add[itional] ones. He has studied 
and collected lichens with great zeal & has published 
papers on them in the Bost[on] Nat[{ural] Hist[ory] 
S[ociet]y Journal. He has been to Burlington &c 
& to C[amels] Rump & Mansfield with Macrae. His 
talents are good though he does not appear to me 
very quick of acquisition. Charles Pickering would 
learn more in a day than he in a week. He is about 
25 or 26. He graduated at the Law School at Cam- 
bridge—not a very practical or deep read lawyer, I 
think. He is rather clumsy, but I have taught him 
to make pretty good specimens & he is insatiable in 
number of specimens. He is a very good fellow in 
most points but is too anxious to put E. Tuckerman 
to every plant, whether his own species or belonging 
to others. He is “close” to himself as well as to 
others to meanness often. But he is young & raw 
unless he has been roasted in Germany. I think he 
will, if he lives, & does not kill himself with tobacco, 
do something for the lichens of the U. S. at least. 
He is very fond of plants & localities, & as I said, is 
a regular botanical fanatic. Whether he chose Berlin 
for his residence for the facilities of smoking I know 
not. I should not wonder if he did not return for 


some years. You will of course read the above to 
yourself only. 





Tuckerman’s botanical writings were wholly in 
Latin, “which he much affected for scientific dis- 
quisition as well as for technical characters,” said 
Asa Gray,’*? “and used with facility and ele- 
gance.” He returned from Europe earlier than 
Robbins predicted, taking a professorship at 








107 Proc. Amer. Acad. Arts Sci. 21: 539-547, 1886. 
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Union College, Schenectady, but later went to 
Amherst, where he became in succession Lecturer 
in History, Professor of Oriental History, and 
Professor of Botany, holding the latter position 
from 1858 until his death in 1886. 

Those portions of his letters quoted below bear 
on the acquisition of the Pursh plant collections 
and manuscripts. A certain repetition will be 
evident at once, for letters addressed separately to 
Torrey and to Gray are involved, but altogether, 
and with the letter to T. P. James quoted herein 
as footnote 1 ante, constitute a complementary 
series. The letters are arranged in temporal se- 
quence and my annotations are inclosed in [] 
throughout : 


a) E. Tuckerman, Boston, April 16, 1841, to John 
Torrey, in Torrey Correspondence at the N. Y. Bot. 
Garden: 

But I am overwhelmed with matters, for though 
we do not sail till tomorrow—everything must go 
on board in two hours. 

b) E. Tuckerman, London, Sept. 23, 1841, to John 
Torrey, in Torrey Correspondence at the N. Y. Bot. 
Garden : 

Mr. Lambert seemed also in good health. He gave 
me a message to Dr. Gray which I haste to deliver. 
It was— that he, Mr. Lambert, had found Pursh’s 
Carices, and that they were at Dr. Gray’s service 
whenever he pleased to send for them. I am quite 
sure I have got[t]en message right, but it was given 
me just at taking leave, and I cannot be certain 
about the words. 

c) E. Tuckerman, Boston, Nov. 5, 1842, to John 
Torrey, in Torrey Correspondence at the N. Y. Bot. 
Garden: 

At Lambert’s sale I acquired one half of his old 
American Herb™. This was disposed in 2 cabinets— 
the first contains all Pursh’s plants—and the 2d—all 
the rest (Fraser, Bradbury, Lewis & Clark, Nuttall 
&c) this last I bought. I purchased also a bundle 
marked in the Catalfogue] only “American Plants,” 
w[h]ifc]h seems to consist entirely of Pursh’s plants 
& contains his Crataegi, Junci, carices, &c. I also 
acquired the Ms. of P{urs]h’s originally proposed 
work (vide his pref[ace]) a “Synopsis secundum 
Persoonium,” a Ms map of his Routes; a Catalogue 
of the plants he gathered in [certain] W. I., & an- 
other printed Catalfogue] of a Russian Bot[anical] 
Gard[en] by him[self—Hortus Orloviensis. I] have 
besides Mr. Lambert’s own presentation copy of his 
Flora, with [David] Don’s [notes] on the unlabelled 
bundles of P[urs]h’s Can[adian] plants. 

d) E. Tuckerman, Schenectady, N. Y., Jan. 2, 1843, 
to Asa Gray, in the Historic Letter File at Gray 
Herbarium : 

Besides the Lambert Coll[ectio]n in the Cabinet— 
I have a large quantity of Pursh’s plants incl[{uding] 
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Amentaceae, Junci, Carex &c (the latter hardly 
worth looking at commonly 3-6 species to a name). 
But I shall not disturb their position. 

e) E. Tuckerman, Schen’, Feb. 1, 1843, to Asa 
Gray, in the Historic Letter File, Gray Herbarium: 

| have a few wretched Helianthi of Pursh’s (one 
is marked “H. atrorubens”) which I have often re- 
gretted that I did not know of when I sent before. 
I only mention them now because they are the only 
other Lambertian Compositae that | 
spec™ are and 
Lambert 

f) E. Tuckerman, U[nion] C[ollege] Schenectady, 
Feb. 17, 1843, to Asa Gray, in the Historic Letter 
File, Gray Herbarium: 

When you send the plants please see that the men 
are charged to take care of them: they are very care- 
less. I have some materials in Pursh’s MSS—but I 
am tired of all work; and have the college and my 
own coll"* to arrange—not yet done—& to be before 
spring. 


These 


Mr. 


have. 


loose mounted by 


were never 


P.S. I do not know whether my right to the plants 
is quite as good as yours; but I think I must have the 
satisfaction of seeing them in my Herb. for some 
time to come. I know their value and shall take 
good care of them, considering myself rather as a 
Trustee than anything else. Oakes would say per- 
haps that | had no business with them at all—but I 
want to see them in their old cabinet again. I am 
glad you like the [ portrait? of] Cassini—I will send 
it by the next opp’. 

g) E. Tuckerman, Union College, Schenectady, 
Apru 3, 1843, to John Torrey, in Torrey Correspond- 
ence at N. Y. Bot. Garden: 

When | got home my first desire was to study my 
Carices. 

h) E. Tuckerman, Unfion] Collfege], Schenect’, 
May 9, 1843 to John Torrey, in Torrey Correspond- 
ence at N. Y. Bot. Garden: 

| have constantly looked forward to the oppor- 
tunity of having something to send you from my 
Europ" collection. I have splendid spec™* of Carex 
norvegica [etc.|. I have also a number of Pursh’s 
MSS—the whole of his first planned work in 12° 
(see Preff{ace] of his Flora) which was never pub4 

his own Map, drawn by himself, of his routes—his 
presentation copy to Lambert of his Flora with all 
the species (it would seem) noted, which Lambert 
possessed, and many notes by Prof. [David] Don; 
and some, if | mistake not, in your hand. Pursh’s 
own Herb™ was sold to a gentleman in the N[orth] 
of Eng* for £25—but I have a very large Bundle 
consisting entirely of Pursh’s plants & incl. all the 
earices, Junci, oaks &&c. Mr. Brown also was so 
kind as to show me a coll® in square white paper of 
Canadian pl{ants] appar’ put up by a woman [who 
succeeded D. Don as curator of Lambert’s herbarium, 
as explained by Asa Gray, Letters, 1: 111], but which 
he consid* of Pursh’s collecting. 2 large Bundles of 
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his Canada coilections, wholly without tickets of any 
sort, and loose common paper were sold with the 
Cabinet or Herbarium which brought 25{ pounds]. 
But I must stop. 


Tuckerman’s copy of the Auction Sales Cata- 
logue preserved in the Library of the Gray Her- 
barium contains important notes, some of which 
may prove critical in the subsequent study of the 
Lambert collections here or abroad. The title 
page reads: 


Catalogue / of the / Highly Valuable / Botanical 
Museum / of the late / A. B. Lambert, Esq. / of Boy- 
ton House, Wiltshire, & These most extensive and 
interesting Collections have been accumulating / for 
more than half a century, regardless of expense, and 
comprise :— / First, / Dried plants, / in separate col- 
lections, to the extent of above one hundred de- 
scribed and distinct herbaria. / [fruits, woods, etc. 
etc.] Which, by order of the Executor, will be sold 
by Auction, /at 26, Lower Grosvenor Street, / (The 
residence of the late Mr. Lambert) / by Mr. S. Leigh 
Sotheby, / auctioneer of Literary Property, / Well- 
ington Street, Strand, /On Monday, June 27th 1842, 
and two following Days, at One o’clock, precisely. / 


The Sales Catalogue contains handwritten notes 
of no less than six different persons and may have 
been used by several participants at the sale. Of 
the 321 numbered lots listed in the Catalogue, 
three bear on this study of Pursh’s plants, as 
follows: 


[item] 256. A small collection of good North Ameri- 
can Plants, by Nuttall, Baldwin, Fraser, Boott, and 
others, including many species from Labrador, about 
150 plants, and small cabinet. 

[pencilled on margin “Tuckerman” and “5/10/-”] 
[item] 262. Pursh’s very extensive Herbarium of 
chiefly North American Plants, with Cabinet, about 
750 or 1000 species (see Prof. D. Don’s Description, 
no. 32). 

[Pencilled on margin “Pamphlin” and “25/10/-’] 
[item] 284. One bundle of Miscellaneous Plants, N. 
America, &c. 

[pencilled on margin “Tuckerman” and “1/—/—’] 


The sale of the Lambert collection by public auc- 


tion was reported in the Gardener’s Chronicle for 
July 2, 1842 (p. 439) with mention of the prin- 
cipal lots and the prices paid for each but without 
record of purchaser. The story opens with the 
remark, “This celebrated collection has just been 
disposed of by public auction. Considering it was 
in bad condition—broken, soiled, and in great 
confusion—the sum it produced (1170 1.) is 
considerable.” 
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